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Letter of Transmittal

2’0 tlw 0wf7v88 of the Uniied States:
In compliance -with the provisions of the act of March 3, 1915, as

amenclecl, establishing the hTdionaI .-dvisory Committee for Aero-
nautics, I trammit herewith the Thirty-seventh Annual Report of
the Committee covering the &cal year 1951.

HARRY S. TRUMAN.

THE WHITE Housq

J.SrARY 98, 1952.
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Letter of Submittal

~ATIOXAL kW’ISOEY cO~I’lICER FOE &?RONAUTI~

~SmITGTON, D. C., IVmwnber 16, 1961.
DFMR?& PmzeIDmNT:In compliance with the act of Congg ap-

proved March 3,1915, as amended (U.S. C. 1946, title 50, sec. 153),

I have the honor to submit herewith the Thirty-seventh Annual Re-
port of the Natiomd Advisory Committee for.aeronautics covering the
flseaIyear 1951.

The development of nevi types of aircraft slowed materially ainee
the end of World War II but, since Korea, progress is now rapidly
accelerating. The magnitude of the military effort required to check
world-tide aggression makes it evident that Iunerica% aircraft must

be superior in performance and military effectiveness to those of any
other nation.

The Committee seeks, through timely and adequate research, to as-
sure the success of the expandi~a aircraft program. The Committee
LAieves that in order to support the military effort effectively, its
scope of operations should be increased to the extent that availability
of scientific manpower viiII permit.

Respectfully submitted.

JRROMJIC. HuNs~q
Chairman.

TEE PRESLDENT,
The White Howe, lTadtington, D. C.
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THIRTY-SEVENTH ANNUAL REPORT
OF THE

NATIONAL ADVISORY COMMI!M!EEFOR AERONAUTICS

~AS13_ING~OX,D. C7 ~owmber 16,1961.
To the Cmgre88 of the United Mateg:

In accordance with the act of Congress, approved
March 3,1915 (U.S. C. titie 50, sec. 151), which estab-
lished the National Advisory Committee for Aeronau-
tics the Committee submits its thirty-seventh annmd
report for the fiscaIyear 1951.

The United States is engaged in expanding military
aviation to Ievels never before reached except in the
midst of a major war. In Korea, our military air-
craft are engaged in combat with airplanes of an un-
friendly nation evidently able to build military aircraft
of increasing capabihties. In this environment, the
NACA is responsible for conducting an adequate pro-
gram of scientific research to open the way for the
design of aircraft and missiIesof superior performance.

Since World War II the pace of technical develop-
ment has increased. Until then, improvement in air-
craft performance as a result of the application of sci-
entific research proceeded at what. now seems to be a
relati~ely S1O-Wand orderly rate. Modest increases in
apeed, climb, range, or altitude were set as reasonable
goals. Compressibility efkts at high speeds were just
beginning to be encountered and indicated a forn~id-
able barrier near the mdocity of sound. This barrier
has been found by research and experiment to be lees
formidable than supposed, and we now .wethe possibil-
ity of radical gains in airphme performance that are
of great military significance. Such gains are ak at-
tainable by a potentitd enemy.

The increased complexity of modern high performa-
nce aircraft rwndts in greatly increased costs, whether
measured in manpower or dollars, and places more at
stake in the succees or failure of the research upon
which superior performance is predicated. In vie-ivof
the ma=~itude of the national effort to buiId up air
power adequate to our national $ecurity, scientific
research should proceed on a corresponding sale.

In the years immediately folIowing ‘World War II in
appreciation of the probable significance to national
security of applications of new knowledge of supersonic

213687—5%2

aerodynamics and jet propulsion, the President and the
Congress supported the NACA in an intensi~e program
of fundamental scienti6c studies in these fields of aero-
nautical science. There was an urgentneedtoowmonm
a serious deficiency of basic information resulting from
wartime concentration of research teams on irrunediate
problems associated vcith the improwment of airpkmes
in service. Only by concentration on fundamentals
may we expect to &d leads to radicaIIy nevi develop-
ments which should pay off in the design of future air-
craft. We do not know how long the present period of
tension wiI1 Iast nor do we know what discoveries an
enemy may make.

k addition, the Committee must not negkct Ieas
spectacular research to provide engineering informa-
tion eesential to the safety and economy of aircraft of
aIl types, both civil and miIitary. h this, the NACA
has responsibility for the scienti6c study and prac-
tical solution of current problems, as crystatied
in the discussions of our several subcommittees of
experts. These subcommittees include designers, user%
and research scientists. Research initiated to ache a
current problem can be readdy translated into practice.
Such research, for example, makes possible an increase
in thrust of current production engines and improved
performance of the next Iot of airplanes. The need for
extended work in this area has been reflected in our
budget estimates.

The military research and development program has
been increased threefol& but to date the funds and man-
power authorized for NACA have not expanded to sup-
port adequately the military effort. Therefore, the
Committee urges an expansion in NACA effort to the
extent that availability of scieutiflc. manpower will
permit.

Presently, emphasis is on the military applications
of research, but many of the results of NACA research
effort are of wdue to civil aviation, as for example
the work on ice prevention, fire prevention, effects of
atmospheric turbulence, and work on aircraft stability
and control. Much research for the improvement of

1
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2 REPORTNATIONALADVISORYCOMMITTEEFOR AERONAUTICS

military aircraft is extended to obtain ckta neededby
those responsible for the design, operation, or regula-
tion of civil aircraft.

During the current year the Committee completed the
installation of atransonic ventilated throat in the 16-
foot wincl tunnel at the Langley Aeronautical Labora-
tory, This installation is based on an invention by
members of the NACA staff aud is considered to be of
exceptional importance because it permits model air-
plane tests at traneonic air speeds in wind tunnels,
hitherto impowible because of the choking of the con-
ventional wind tunnel as the air speed approaches the
velocity of sound.

In the formulation of its research programs, the
Committee has been materially assisted by some 400

membem of its 90 technicul connnittees. Tlucw! lllcll)-

bers include scientists from univel%itics,engineers from
industry; and experts from the civil and milittlry ugen-
cies of the Government. The Committee continues to
enjoy the loyal and effective support of its civil service
staff in the execution of its policies and clirectives.

Parts I, 11, and 111 of this t-mnualreport present u
r&mn4 of the unclassified scientific activities of the
Committee, a clescription of the Committee’s orguniz/L-
tion and membership, ancl the financial report for the
fiscal year 1951.

Respectfully submitted.

.TEnoxEC. HUh-SAIiEIt,
O}wiwwt



Part I—TECHNICAL ACTIVITIES

RESEARCH ORGANIZATION AND PROCEDURES

COMMI’IT’EE LABORATORIES

Research of the National Advisory Committee for
Aeronautics is conducted largely at its three labora-
tories-Langley Aeronautical Laboratory, Langley
Fiekl, Va.; Ames Aeronautical Laboratory, Moffett
Field, CaIif.; and Lewis FIight Propulsion Laboratory,
Cleveland, Ohio. A subsidiary station is located at
Wallops Island, Vs., as a branch of the Langley Lab-
oratory for conducting research on models in flight in
the tranaonic and supersonic speed ranges. At Ed-
-wards!Calif., is located the NTAC!AHiih-Speed F1ight
Reseureh Stutiou for research on transonic and super-
sonic airplanes in flight. The total number of employ-
ees. both technical and aclministrati-re,at these fi-resta-
tlone and headquarters in Washington ~as 7,705 at
the enclof the fiscal year 1951.

TECHNICAL COMMITTEES AND RESEARCH
COORDINATION

In carrying out its function of coordinating aero-
nautical research the Committee is assisted by a group
of technical committees and subcommittees. The mem-
bers of these committees are chosen for their particular
knovdedge in a specific field of aeronautics. They are
selected from other Government agencies concerned
with aviation including the Deparhnent of Defense,
from the aircraft and air transport industries, and
from scientific and educational institutions. These
committees provide for the interchange of ideas and
prevention of research duplication except There par-
alIel etiorts me desired. There are four technical com-
mittees under the h’ationa~ Advisory Commit-tee for
Aeronautics:

L Committee on Aerodynamics.
2. Committee on Power P1ants for Aircraft.
3. Committee on Aircraft Construction.
4. Committee on Operating Problems.

Each committee is supported by three to eight technical
subcommittees.

In addition to the four technical committew~ there
is an Industry Ccmsulting Committee established to as-
sist the m~in Committee in formulation of generrd

policy. Membership of this Committee, as well as the
tcchnicaI committees and subcommittees, is IiAcd in
part II of this report.

Research coordination is further effected through
disc~ions between Committee technical personnel and
the research staffs of the aviation industry, educational
and scientific organizations, and other aeronautical
Kmencies. The Research Coordination Office is assisted ___
by a west coast representati~e -do maintains close con- —
tact with the aeronautical research and engineering
staffs of that geographical area.

RESEARCH SPONSORED IN SCBWITFIC ~D

RESEARCH INSTITUTIONS

For the 1951 heal year the NACA continued to make
use of the unique research taIents and facilities of uni-
versities and other nonprofit scientific institutions to
find solutions for aeronautical problems. Both research
proposals and the results from investigations have been
carefdy reviewed to maintain the quality of this part
of the NACA prcgram, and reports of the useful re-
sults of the sponsored reeearch hare been given the same
Tide distribution as other hTACA reports.

The di-rersity of this sponsored resemch is indicated
by the fact that 19 of the h’ACA technical subcommit-
tees retievred proposals for or the results of such in-
vestigations dur~u t-hepast year find that 4S reports of
sponsored research were rdemed. The technical as-
pects of the pro=-m are included with the descriptions
of work under the -rarious technical sections.

During the 1951fiscal year the following institutions
participated in the contract reeearch program:

h~ational Bureau of Standards, Forest Products
Laboratory, Armour Research Foundation, Battelle
Memorial Institute, Polytechnic Iistitute of Brook.1~,
Brown University, California Institute of Technolo=q,
Unkersitj- of California, Uni~ersiQ of California at
1% Angeles, Carnegie Inetitute of Technolo=q, Uni-
versity of Cincinnati, Cornell University, University of
F1orida. Georgia Institute of Technology, Harvard
Uni-remity, Illinois Institute of Technolo=q, llni~e~”ty
of Illinois, Iowa State College, Johns Hopkins Univer-
sity. Massachusetts Inst.itute of Technoloeq, University

3



4 REPORTNATIONALADV~ORYCOIIMI’l?TEEFOR ~ROKAUTICS

of Michigan, Mount Washington Observatory, New
l’ork University, University of Notre Dame, Ohio
State University, Pennsylvania State College, Prince-
ton University, Purdue University, Stanford Univer-
sity, Stevens Institute of Technology, Syracuse Uni-
versity, Texas Agricultural and Mechanical College,
University of Virginia, and University of Washington.

RESEARCH INFORMATION

Research results obtained in the Committee’s labora-
tories and through research contracts are distributed
in the form of Committee publications. Formal Re-
ports, printed by the Government Printing OfficE+con-
tuin unclassified information nnd are available to the
general public from the Superintendent of Documents.
Technical Notes, released by the”Committee in limited
nunlbe~~,also contain unclassified research results of a
more or less interim nature and me distributed to inter-
ested organizations throughout the country. Fre-
quently, research results which will ultimately be pub-
lished in Report form are issued initially m Technical
Notw in the interest of speedy dissemination of data to
American technical people and organizations. Trw~s-
lations of forei=m material are issued in the form of
Technical Memorandums.

In addition to unclassified publications the Com-
mittee prepares a large number of reports centaining
classified research information. For reasons of na-
tional security, these reports are controlled in their cir-
culation. From time to time the classified reports are
examined to determine whether it is in the national. in-
terest,to dechssify them. If it is found desirable to de-
classify the reports, they may be published as unclassi-
fied pape~a.

Another important means of transmitting quickly
and efficiently the lateet information in a particular
field of research directly to designers and engineers
working in thmtfield is the ho]ding of technical confer-
ences from time to time at an appropriate NAC.4
laboratory. Several conferences of this nature were
held during the past year.

The Oilice of Aeronautical Intelligence was estab-
lished in 1918 as an integral part of the Committee’s

activities. Its functions are the collectiol~nnd cluseifi-
cution of technical knowledge on the subject of aero-
nautics, including the results of reseurch und experi-
mental work conducted in all parts of the world, and
its dissemination to the Department of Defcme, uir-
craft manufacturers, educntionnl institutions, and other
interested people. American and foreign reports ob-
tained are analyzed, classified, and brought to the at-
tention of the proper persons through the meclium of
public and confidential bulletimz.

AERONAUTICAL INVENTIONS

By act of Congrew, approved July 2, 1926 (U. S. C.
title 10,sec. ttltlr), an Aeronautical Patents and Design
Board was establishedconsisting of the Assistunt Secre-
taries for Air of the Departments of War, Navy, and
Commerce. In accordance with thut act as amended
by an act, aliproved March 3, 1927, the National Advi-
sory Committee for Aeronautics is charged with the
function of analyzing and reporting upon the technical
merits of aeronautical inventions and designs submitted
to any agency of the Government. The Aeronautical
P~ltel~tsand Design Board is authorized, upon the
favorable recommendation of the Committee to “deter-
mine whether the useof the desiamby the Government is
desirable or necessary and evaluate the design and fix ‘
its worth to the United States in an m-nountnot to ex-
ceed $75,000.”

Reco=tizing its obligation to the public in this respect
the Committee has continued to accord to all corre-
spondence on such mntters full consideration. All pro-
posals received have been carefully analyzed and evalu-
ated and the submitters have been ndvised concerning
the probable merits of their suggestions. Mm]y per-
sonal interviews have been granted inventom who vis-
ited the Committee’s offices, and technical informtitiun
has been supplied when requested.

* * * * *

Tho follo~ving detailed summary of m]cltissifiedre-
search, completed during the fiscal year 1951, is organ-
ized to reflect the areas of research over which each
technical committee and related subcommittee has
cognizance.

AERODYNAMIC RESEARCH

During the past year there has been an increase in
research directed specifically at the problems of lligh-
speed airplanes and guided missiles. Aerodynamic re-
search to permit eflicientoperation of airphmes at tran-
eanic speeds has continued to receive special emphasis,
ancl information has been obtained in this speed range
from flights of special research airplanes, rocket.-
powerecl free-flight models, freely-falling bodies, and

from very small models on wind-tunnel bumps or by the
wingflow method in flight. There has, however, been
a serious need for techniques to permit detmiledsys-
tematic large-scale experiments to be made in wind
tunnels through the speed of sound. As a result of
extensive resmrch on wind-tunnel design, suitable tech-
niques have been develope~ and the Langley 8-foot and
16-foot -wind tunnels were modhd to permit testing
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through the speed of sound. These modMed tunnels are
contributing to a better understanding of aerod-c
problems in the transcmicspeed range.

Theoretical and experimental research on high-speed
airplane design problems has been directed generally at
the establishment of technical information to permit
the selection of the most eilicient. con.tlguratione for
fIights at traneonic and supersonic speeds which will
akm have satisfactory &ng characteristics at low
speeds for landing and take-off. As the high-speed re-
quirements increased, the landing requirements have
become more di3icult to meet and it has been necessary
to continue research at low speeds on these problems

In addition to studies of performance problems of
guided missiles,considerable attention has been directed
during the past -year to the problems of stability and
control. In this field particular emphasis has been
pluced on the cross-coupling effecl.sexperienced by vari-
ous missile con@mat ions and on automatic control
problems.

The AYACAis assistedin guiding the aerodynamic re-
senrch activities of its laboratories by the Committee on
Aerodynmnics and its eight technical subcommittees.
Results of the research which are most pertinent to the
design and de-relopment of military airplanes and
=~ided missiles are summarized and presemtedat tech-
nical conferences held during the year with the repre-
sentatives of the military sertices and their contractor?
in order to assist designers in making edy application
of these results.

In the sectiom which follow a description is given of
some of the Committee’s recent urdassfied work in
aerodynamics.

FLUID M-ECH-4NICS

lncestigation of Airfoils atLow Speeds

lkw-speecl instigations of tvro-dimensiormlairfoils
have been devoted to a large extent.to the study of flow
phenomena at high lifts and the de-relopment of meth-
ods for the impro=rementof high lift characteristics.
Reported h Technical Note 2235 is an inm.stigation of
the boundnry-htyer and stalIing characteristics of the
X.ICA f34.!-010 airfoil section in the Ames 7- by 10-foot
wind tunnels. The results show the small region of
separated tlom or ‘bubble” near the leading edge, char-
acteristic of airfoils with small leading-e~~e radii. At
an angle of attack of 9.5° the separmteclflow failed to
reattach to the surface! causing the stall. Since there
was no turbulent separation at the trailing edge, the
lift-curve peak ms sharp and the sttdl occurred sud-
denly and -withno warning.

.ti investigation was also conducted in the Ames 7-
by IO-foot wind tunnels to determine the possibility of

deIaying the flow separation that occurs netir the led-
ing edge of the NACA 6&O12 airfoil section and of im-
proving its staI1ing characteristics by modifications of
the contour near the leading &~e. This study is re-
ported in Technical Note 25!28. The greatest improve-
ment vms obtained with moditlcations that incorporated
an increase in camber and modifications to the leading-
edge shape tveremore effective than drooped-nose flaps.

The re.tits of a comprehensive investigation of the
stalling characteristics of airfoil sections at low sub-
sonic speeds in the Ames 7- by lo-foot wind tunnels
have been summarized in Technical Note %02. Sev-
eral types of stall encountered with airfoils ranging
in thickness from that for a slow, light airplane to that
for a possible supersonic application are described in
detaiI in conjunction with the characteristic flows in
the boundary Iayer.

TIM increases in airplane lift-drag ratio associated _.
with increasing aspect ratio are limited by the high
profle-drag coefficients associated with the thick wing-
roct sections which are structurally necessary on wings
of high aspect ratio. An investigation has therefore
been made of NACA 6&eries airfoils of 3S2-and 40-
percent-chord thidrn-w in the Langley lo-w-turbulence
tunnels to determine whether the high profiledrag co-
efficientsof thick airfoils can be reduced by bonndary-
layer control through a single suction slot. The re-
sults obtained for the .%2-and 40-percent-thick sections
together with other a~ailalde airfoiI section data -were
used to crdcuIate the characteristics of a number of
hypothetical wings. These calculations indicate that
the maximum attainable lift-drag ratio of structurally
feasible wings and of the corresponding airplanes may
be increased appreciably by the use of such thick wings
with boundary-layer controL The results are pre-
sented in Technical Note 2405.

It has been found that in the higher ranges of land-
ing speeds compressibility effects on maximum lift can
become appreciable. As part of a program to explore
this phenomenon, the effects of Mach number and
Reynolds number on the maximum Iift coefficient of a
wiqg of N’ACA 66-series airfoil sections were deter-
mined in the Langley M-foot preesure tunnel and are
published in Technical Note 225L The ranges of 31ach
number and Reyuolds number extended up to 0.34 and
S.0 million, respectimly. It was found that for a given
value of Mach number, the vaIues of maximum lift co-
efficient were increased when tie Reynolds number -was
increased. For a given value of Reynolds number, an
increase in Mach number at first caused only smalI re-
ductions in masimum lift coefficient, but the reduction
vias large after the critical speed was esceeded.

—

—
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Theoretical Investigations of Two-Dimensional Com-
pressible Flows

Theoretical investigations of two-dimensional com-
~JIWSSibh3flows are being continued with particular ref-
erence to the difficult transcmic speed range. At the
Langley Laboratory the Prmdtl-Busemann small-~r-
turbation method has been utilized to obtain the flow
of n compressible fluicl past a wave-shaped, infinitely
long wall. ~len the essentialrmumption for transonic
flow is introduced—that all Mach numbers in the
region of flow are nearly unity-the expression for the
velocity potential takes the form of a power series in
the transonic similarity parameter. On the basis of
this form of the solution, an attempt has been made to
solYe the nonlinear clifferential equation for transonic
flow past a wavy wall. The results of this analysis
exhibit clearly the inherent difficulties encountered in
nonlinear flow problems. Nevertheless, the investiga-
tion has been carried in a rigorous manner to the point
where the question of the existence or nonexistence of
a mixed potential flow free of discontinuitks can be
settied by the behavior of a single power series in the
transonic similarity parameter. The calculation of the
coefficients of this dominant power series has been re-
cluced to a routine computing problem by means of re-
cursion formulas resulting from the solution of the
clifferent.ialequation and the boundary condition at the
wall. One of the results of the analysis is the rigorous
statement of a limit of applicability of the transonic
similarity concept. The results are presented in
TN 2883.

In Technical Note 2253 it is shown that it is pos-
sible to solve the Prandtl-Busemann iteration equations
by means of the familiar concepts of a distribution of
sources and sinks. The method is limited to the treat-
ment of thin, sharp-nose, symmetric, two-dimensional
profiles. An explicit expression is derived for the
second-order velocity potential and velocity compo-
nents, and a method for obtaining higher-order terms
is indicated. The velocity at the surface of the Kaplan
bump is evaluated to illustrate the method.

The relaxation method has been proposed as a means
of calculating prcwure distributions on two-dimensional
bodies at high speeds, and a comparison is shown in
Technical Note 2174 between the experimental pressure
distribution for an NACA 0012 profile and the theoret-
ical pressure distribution obtained by this method.
The comparison ehowed good agreement at low speeds,
but at higher Mach numbers the theoretical calculations
indicated higher negative pressurecoefficientsthan were
obtained experimentally.

An integral method of calculating two-dimensional
compressible flows past thin airfoils, with particular
reference to the transonic speed range is presented in

Technical Note 2180. By on appropriate choice of
streamline curvature, this method permits the flow pat-
tern about a thin airfoil to be calculated in a conlpara-
tively simple manner. The results presented include
velocity clistributions for various symmetric sections.
Comparison -withother theories and with nvailable ex-
perimental data indicate at least qualitatively good
agreement.

The transonic similarity law for two-dinlensional
flow, derived by von Karman, has been investigt~teilby
an iteration procedure ancl is presented in Technical
Note 2191. The boundary condition of zero velocity
normal to the body was satisfied tit the body rather
than near the body, as was done by von Kmman. The
results showed that the velocity potential can be ex-
pressed in terms of a similarity parameter and were in
agrwment with those.of von K~rman.

Theoretical investigat.ions of two-dimensional com-
pressible flows by several educatidhal institutiona under
contract to the NACA are being continued. At the New
York University an approximate method of solving
the nonlinear differential equation for two-dimensional
subsonic compressible flow by means of the vuriational
methocl is being used. The general problem of steady
irrotational flow past an arbitrary body is formulated
nnd two exmnples have been carried out, namely, the
flow past a circular cylinder and the flow pnst u thin
curved surface. The variational method yields results
of velocity and pressure distributions which compare
we]] with those found by other methods.

T’he problem of two-dhnensional flow behind a
curved stationary shock wave has been considered ana-
lytically at the Massachusetts Institute of Technology.
The method, which is presented in Technical Note 2364,
assunms a given shock-wave shape, which autonmti-
cally determines certain initial conditions on the flow
variables; and”the flow pattern, including any body
shape, follows from the initial conditions. Approxi-
mate analytic expressions are found for the streum
function in the subsonic region following the shock and,
after the stream function is obtained, the flow density
is deterinined by Bernoulli’s equation, which connects
the density with the derivatives of the stream function.
The final solution can then be determined from the
velocity field thus obtained.

Technical Note 2356 presents the results of w study,
made at Cornell University, of the two-dimensional
transonic flow past airfoils. The problem of construct-
ing solutions for transonic flow over symmetric air-
foils is treated and simplification of the mapping of the
incompressible flow is emphasized. In the case of a
symmetric Joukowski airfoil without circulation, the
mapping is relatively simple, but the coefficients in the
power seriw ar~ difficult to evaluate. As a means of
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simplification, an approximate flow is used which differs
only slightly from the esact incompressible one when
the thiclme= is small. IHow with circulation is alsa
considered by the same method.

At the Johns Hopkins University an in-wstigation
has been made of the transient behmcior of an airfoil
in supersonic flow clueto pitching, flapping, and vertical
guws by means of the Fourier integ-d method. By
~~i~~ n convolution inteeqal, the aerodynamic effect
of an~ arbitrary motion of the airfoil can be determined.
if the aerod-punic response of the airfoil to a step-
function disturbance is known. As useful examples,
the harmonically oscillating airfoil with differeut modes
or degrees of freedom is analyzed for the complete time
history, for the case in which the motion starts abruptly
from rest. In Carrying out the irrrestigation: a new in-
tegral has been introduced -whichis beliewd to play an
equindent ptirt in supersonic flutter to the Theodorsen
function in the flutter problems of incompreseible flow.
The results are presented in Technical Note 2333.

Investigation of Wings and Bodies at Tranaonie and
Supersonic Speeds

An essential part of the correlation of aerodynamic
data is a lmovrkdge of the correspondence between the
flow fields about similar bodies at related speed condi-
tions. An investigation -was made, therefore, at the
Ames Laboratory which extended similarity htws for
tnmssnic flow to include finite-span wings. Under the
assumptions of transonic small-perturbation potential
theory, it was shovrn that similitude in preesur% Iift+
pitching moment, and pressure-hag coefficients depend
upon the constancy of two parameters. The applica-
tion of these results led to an essential improvement in
the manner of relating experimental wing character-
istics at near-sonic speeds. This work has bwm re-
ported in Technical Arote2X3.

Source distribution methods for evaluating the aero-
dynamics of thin finite wings at superwmic speeds are
summarized and extended in Report 951. The funda-
mental equations were derived in general form for both
tirue-independentand time-dependent -wingmotions and
were applied to solve a large variety of aerodynamic
prob~ems. In Technical h’ote 2303 a method wcs devel-
oped for relating the solution of a wing to the lmown
solution of a simpler wing. This method permits com-
plicated flow fields to be solved in a straightforward
manner.

At the Johns Hopkins Uni-iersity, Ton Karman’s
Fourier integral method in supersonic wing theory,
derived directly from the basic concepts of the harmonic
source and doublet+has been applied to investigate the
general solution of the wave drag of a tapered swept
wing with a symmetrical diamond airfoil profile, cover-

ing -mrious geometrical arrangements of the planform.
The theory has akssbeen appIied to find the downwash
distribution in the pkme of the wing on which the pres-
sure distribution is preassigned. A number of examples
are given. This work has been done under contract to
the XACA and the results are presented in Technical
hTote2317.

The flow around cormswithout axial symmetry and
rnovin~ at supersonic velocity has been anttlyzed and
the results of this mdysis are presented in Technical
A-ote2236. Singular points were shown to exist in the
flow around the cone if no axial s.@nmetry exists. The
concept of a vertical layer around the cone at small
angles of attack -wasintroduced! and the correct values
of the first-order terms of the velocity components -were
determined. It was shown that good agreement with
experimental results can be obtained if the complete
equation for the pressure distribution is used.

The transonic similarity law, as applied to bodies of
resolution, has been investigated and the results pre-
sented in Technical Note 2239. The resuh obtained
were in approximate agreement with those of ron Kar-
man in the region of the flow field not too cIose to the
body. In the neighborhood of the body a diflerent
similarity la-wwas obtained. In another investigation
the integral method used to obtain compressible flow
past tvro-dimensional shapee (Technical Note 9130)
was appLiedto the calculation of the compressible flow
past slender bodies of revolution. Good agreement of
the resulting velocities on eUipsoide of revolution with
those obtained by other methods was found. The in-
vestigation is reported in Technical Xote 2245.

The pressure acting on the base of .abody of revolu-
tion ffy@g at supersonic velocity is of considerable im-
portance because the bass drag can, in mme case%rep-
resent more than half of the total drag. It is essential
that the factors contributing to this drag be exp~ored
to enable a reasonable drag prediction to be made in the
desi=m of missiles and to pro-ride information from
which possible base-drag reductions may be realized.
One such factor is the presence of tail surfaces near the
base of the body. Since the pressures in the ~icini@ of
the trailing edge of the tafi surfaces at zero angle of
attack me normally less than the free-stream -ralues.
the interaction of these pressures with the flow behind
the base may produce a reduction in the base pressure
and. hence, an increase in the base drag. Accordingly,
experimental memurements of the base pressure on an
unboattailed body of re-rolution in combination with
rectangdar tail surfaces were made at the .hnee Lab-
oratory to investi=~te the eflects of tail surfaces on base
drag. The results of the investigation showed that the . __
addition of tail surfaces with the trding edge near the
base of the body incurred a siF@ficant increase in base
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drag. For example, the increase was about 70 percent
at a Mach number of 1.5 for a cruciform tail having a
10-percent-thick biccmvex airfoil section. The base-
drag penalty due to tail surfaces was found to increase
with an increase in the airfoil thickness ratio and with
the number of tail surfaces and to decrease with an in-
crease in Mach number, It was also found that this
base-drag increment could be essentially eliminated by
moving the tail so that the trailing edge was about one
chord-length ahead of or behind the base of the body.
The results are presented in Technical Note 2360.

Research in the Hypersonic Speed Range

ln the Thirty-sixth Annual Iteport several facilitks
and techniques permitting supersonic research to be ex-
tended into the hypersonic speed range were described.
During the past year this work has been continued and,
in mklition, progress has been made in extending the-
oretica~calculations inti the hypersonic range.

The accuracy of Tsien’s hypersonic similarity rule,
and the range of Mach numbers and finenessratios over
which it can be applied, have been investigated theo-
retically. A first investigation, which ignored rotation
eih.cts, showed that the rule applied with good ac-
curacy over a range from moderate supersonic speeds
up to hypersonic speeds for a wide range of body fine-
ness ratios. This work has been reported in Technical
IYote2250. An investigation of the effects of rotation,
presented in Technical Note 2399,showed that the omis-
sion of these effects in the previous investigation did
not have a significant effect on accuracy within the ex-
pected range of validity of hypersonic similarity.

An analysis has been performed to determine the lift
and drag characteristics of conical bodies, flat plates,
cylinders and spheres in a free-molecule flow field
The calculations were made for a range of Mach num-
bers from Oto 24. It was found that the aerodynamic
coefficientsapproached constant values at the very high
speeds. It was also found that the lift-drag ratio for
bodies in a free-molecule flow &ld are extremely low,
The results are reported in Technical Note 2423.

Theoretical investigations have also been made to
determine the similarity law for hypersonic flow about
slender three-dimensional shapes in tern-isof customary
aerodynamic parameter. A first investigation, which
considered ordy steady flow-s,employed the law to deter-
mine relation for correlating t.kmpre9sure9 acting on,
and the aerodynamic coefficients of, related bodies and
results are reported in Technical h~ote2443. In the
special case of inclined bodies of revolution, the expres-
sions for the aerodynamic coefficients were extended to
include somesignificant effectsof the viscous crow forc~

A theoretical analysis which determines the airfoil
profile having minimum pressure drag for a given

structural requirement was reported in Technical Note
2264. The general method was developed and applied
to linearized flow theory. The principal results of the
investigation were that the optimum airfoil at hyper-
sonic velocities has a trailing-edge thickness slightly
less than_file maximum airfoil thickness and the opti-
mum airfoil at supersonic ve10citie9 generally has a
moderately thick trailing edge. Curves were developed
which enable optimum airfoil profiles to be determined
rapidly for a given Mnch number, base pressure, and
structural requirement.

Condensation of the components of air has been found
to occur in hypersonic wind tunnels. Because of the
rapid expansion and cooling of the air in the nozzles of
thesetunnels, the temperatureof the air drops below the
liquefaction point. In order to study this condensation
process, the Langley Laboratory has made m investi-
gation of optical methods for measuring size and con-
centration of condensation particles, and it has been
found that the polarization and angular distribution of
light scattered by condensation particles can be used to
measure these quantities. The results of this investig-
ation are presented in Technical Note 24L41.

Boundary-Layer Researeh

The existence of localized regions of laminar-bound-
ary-layer separation on airfoils both behind the position
of minimum pressure at the ideal angle of attack and
near the leading edge at high angles of attack has been
recognized, but the parameters controlling such regions
have not been fully understood. Consequently, an ex-
perimental investigation was made at the Langley Lab-
oratory to study the localized region of laminar sepa-
ration behind the point of minimum pressure on an
NACA 668-018 airfoil section at zero nngle of atttick
and at several Reynolds numbers. The results, pre-
sented in Technical Note 2838, confirmed the idea that
such separation regions are characterized by a length of
laminar boundary layer followed by transition and sub-
sequentreattachment as a turbulent boundary layer and
established some of the quantitative characteriatim of
the phenomenon.

At the Lewis Laboratory an analysis has been mtide
of the stability of the laminar boundary layer between
parallel streams of an incompressible fluid. Calcuhl-
tions based on this analysis showed that the flow insta-
bilityy occurs at much ~ower Reynolds number for the
free boundary layer between streams than for the
boundary layer on a flat plate with no prassure gradi-
ent. The results of this study are presented in Report
97!).

An investigation of methods for treating the three-
dimensional compressible laminar boundary layer is
reported in Technicnl Note 2279. The equations of mo-
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tion are shown therein to be shnplifwd by the intro-
duction of a tvio-component vector potential and by
the use of z transformation which converts the equa-
tions into nearly incompressible form. Several ex-
amples, inchding the flow over fiat plates with arbi-
trary leading-edge contours, are discussd.

h’umerical solutions of quantities appearing in the
Ton Karman momentum equation for the development
of a turbulent boundary layer in phme and in radial
compressible flows along thermally insulated surfaces
are presented in Technical h-ote !X337for a range of
Mach number from 0.1 to 10. Through the use of
these tables, approximate calculation of boundary-layer
growth i9 reduced to routine arithmetic computation.

Experimental data, from se~eral sources, for skin
friction of turbulent boundary layers under adversa
pressuregradients axe analyzed in !13iwhnicdNote 2431.
Data obtained by momentum-balance methods were
compared with data obtained by hot-wire and heat-
trmsfer methods. A new integral energy parameter
vias introduced and its reIation to skin-friction data
was demonstrated on the basis of avaiIable material.

At the Ames Laboratory an analysis has been made
to determine the skin-friction tmd heat-transfer char-
acteristics of the turbulent boundary layer on a fht
plate at supersonic speeds. A review of e+.g anal-
yses has ah been made and a test performed in the
Ames heat transfer tunnel to measure the skin Elction
in the turbukmt boundary layer of a flat plate at a Mach
number of 2.4. It was found that the anaIysis which
most closely corresponded to the experimental results
viasan extended version of the Frankl-Toishel analysis,
which has been reported in TeckicaI Memorandum
1053. The test data and anal@s have been reported
in Technical Note 2305.

A series of heat-transfer investigations were con-
ducted on bodies of resolution with huninar boundary
layers at Mach numbers from 1.49 to 2.13. In addition,
a comparison between theory and experiment has been
made for a body of revolution with a huuinar bound-
ary layer and a nonuniform surface temperature. The
theoreticrd and experimental heat-transfer redts are
in good agreement for both heated and cooled bodies
with both uniform and nonuniform surface tempera-
tures. The qualitati~e effects of heat transfer on transi-
tion were found to be in agreement with the
implications of Lees’ boundary-layer-stability theory.

Detailed measurementsof shock-wave boundary-layer
interaction which have been made in -windtunnels hare
been limited to small or moderate Reynolds numbers:
and previous flight tests at high Reynolds numbers
have been limited to pressure measurements. There-
fore, teats were made on an airplane w@ in fight to

investigate the region of shock-wave interaction with
a thick turbulent boundary layer at fuH-scale flight
Reynolde numbers, utilizing both a schlieren apparatus
nnd pressure meusurwnents. Good correlation vrith
theoretical and mind-tunnel investigations of boundary-
layer slmck--iva~einteraction was obtained, particularly
vrith respect to the lower Mach numbers at which a
forked or bifurcated type of shock wave appeared
The bonndnry layer did not appear to thicken behind
the normn] shock wa-re. Considerable thickening, asso-
ciated -with separation, did occur, howe-rer, with in-
creasing Mach number after the formation of the forked
shock vrm-e.The density gradient in the boundary layer
appeared to increase markedIy just behind the shock
via~e. This stronger gradient, howe~er, appeared to
be dissipating at approximately five to six boundary-
hger thicknesses behind the shock.

At the Lewis Laboratory supersonic flow against
bhmt bodies placed in boundary laprs or vvakes has
been imrestigated and is discussed in TMhnical Note
2418. It was concluded that wedge-shaped or conical
dead-air regions shouId form ahead of the body if part
of the upstream velocity protHe is subsonic and if the
body is fairly thick relative to tha initial boundary
layer or wake thickness. A quantitative theoretical
analysis of this type of flow was made and the results
-werecompared with experiment.

In a contract investigation carried out at the Cali-
fornia Institute of Technology, measurements have
been made at 31ach numbers from about 1.3 to 1.5 of
reflection characteristics and the relative upstream in-
fluence uf shockwaves impinging on a flat surface with
both laminar and turbrdent boundary layers. The dif-
ference between impulse and step waves is discussed and
their interaction with the boundary layer were com-
pared in Technical Note 2334. General considerations
on the experimental production of shock -waves from
wec@e and cones and examples of reflection of shock
waves from these bodies vverepresented, as vvere also
some examples of reflection of shock mares from super-
sonic shear layers.

At the National Bureau of Standards an inw#iga-
tion sponsored by the NACA was conducted on a turbu-
lent boundary layer near a smooth surface with pressure
gradients su%icient to cause flow separation. The
Reynolds number was high, but speeds -were entirely
within the incompressible flow range. The i.nv~a-
tion consisted of measurementsof mean flow, three com-
ponents of turbulence intensity, turbulent shearing
stress, and correlations betvieen two fluctuation compo-
nents at a point between the same component at differ-
ent points. Results are given in Technical Note 2133
in the form of tables and graphs. The discussion deals
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first with Sepmdion and then with the more fundamen-
tal question of basic concepts of turbulent flow.

Aerodynamic Heating and Heat Transfer

As wm pointed out in the Thirty-sixth Annual Re-
port, knowledge of aerodynamic heating and heat truns-
fer phenomena has become of increming importance as
airplane and missile flight speeds have increased into
the supersonic region, and during the past year con-
siderable effort has been directed toward the under-
standing of these phenomena.

Tests have been conducted at the Ames LCLIIOLTttOryto
determine the effect of surface heating on the transition
Reynolds numbers on a flat plate at n Mach number of
2.4 It was found that surface heating had a strong
effect in loviering the minimum Reynolcls number for
transition. Measured skin-friction coefficients for tke
huninar portion of the boundary layer were in excellent
~greement ~lrithother investigations and were 35 per-
cent higher than the values predicted theoretically by
Crocco. The data have been reported in Technical Note
2351.

Most aircraft or missiles-willnot have a constant sur-
face temperature. Consequently, it is necessary to de-
termine the effect of a variable surface temperature on
the local heat-transfer rate in order to clesign skin-
cooling systems. An analysis has been made which
shows the effect of a variable stream-wise surface temp-
erature on local heat-trnnsfer rates. An interesting
side light arising from the investi=ntion shows that the
use of plug-type heat metem?in ~hich a sma~ segment
of the aircraft skin is heated or cooled to a different
temperature than the surrounding skin, may introduce
large errors in the determination of the local heat-trans-
fer coefficients. This analysis has been published as
Technical Note 2345.

An analytical method is presented in Technical Note
9996 for ob~ining turbulent temperature recovery fac-
tors for a thermally insulated surface in superscmh
flow. The analysis, conducted at the Lewis Laboratory,
indicated that the recovery factor decreased with in-
creasing Mach number. For the range of Prandtl num-
ber considered (0.65 to 0.75), the recovery factors at a
stream Mach number of 10 -were,on the average, about
5 percent lower than the limiting values at zero Maoh
number.

A comparison has ben made of free-molecule-flow
theory with experimental measurements of drag and
temperature-rise characteristics of a transvene circular
cylinder. The measured values of the cylinder center-
point temperature confirmed the salient point of the
heat-transfer analysis, which was the prediction that an
insulated cylimder would attain a temperature higher
than the stagnation temperature of the stream. Good

agreement vrasobtained between the theoretical and ex-
perimental values for the clrng coefficient. The chttu
have been reported in ‘rechnical Note 2244.

Experiments have been made at the .4nles Laboratory
to determine the heat-transfer characteristics of cylin-
ders over a wide range of densities encompassing the
free-molecule, slip and continuum flow regimes, cmdthe
results me presented in Technical Note 2438. Goocl
correlation of the dntti was obtained over a range of
Reynolds numbers from 0.02 to 100 and a rnnge of Mach
numbers from 1.9 to 3.2. The Knudsen number (ratio
of rnecmfree molecular pnth to cylinder dinmeter) var-
ied from 0.02 to 10. Several importnnt conclusions
were d~a~n from the resuks of this investigation: It
was found that fully developed free-nlolecule flow oc-
currecl when the Knuclsen number was 2 or greater,
For Knudsen numbers greater thun 0.2, the Wnpemture
recovery fnctor exmedeclunity even though free-molecu-
lar flow was not fully developed.

In an investigation at the Lewis Laboratory, analyses
were made for fully developed huninar and turbulent
flow in smooth circular tubes of fluids having a Prandtl
number of 1.0. The analyses took into consideration
the variation of fluid properties. 17elocity and tenl-
perature profiles, together with 10CS1hwlt-tranefer and
friction coefficients,were predicted. In order to check
the analysis for turbulent flow, velocity and temperature
profiles and corresponding local heat-transfer and fric-
tion coefficientswere also experimentally determined for
air in smooth tubes at high heat-transfer rates. The
analyticul and experimented results were found to be
in good agreement. Both indicated that for the tur-
bulent flow of gases the rndial velocity and temper-
ature profiles tended to become more uniform as the sur-
face-to-fluid temperature ratio increased. At conshmt
Reynolds nunlber, the local heat-transfer and friction
coefficientsdecreased with an increase in surface-to-fluid
temperature r~tio. The effects of temperature ratio
could be eliminated when the fluid properties, including
density in the Reynolds number, were evaluated at a
temperature close to the avernge of the fluid and surface
temperatures. The results of these cmalyses are pre-
sented in Technical Notes 2242 and 2410.

Average heat-transfer and friction coefficients have
also been measured for the turbulent flow of air in
smooth tubes. This investigation covered an over-all
range of Reynolds numbers up to 500,000, tube exit
Mach numbers up to 1.0, inlet-air temperatures from
535° to 3050° R., average surface temperatures from
535° to 1500° R., lengthdiameter ratios from 30 to 120,
and heat fluxes to 150,000 BTU per hour per square
foot. Three tube entrance configurations were studied.
Most of the data are for heat addition to the air; some
results are for heat extraction from the air. Data have
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tdsobe+mobtained for tubes of noncircuhu- cross section.
.-in effect of surface-to-fluid temperature ratio was
found to exist v-hen the average coefficients were corre-
lated with other pertinent varinbles by courentionat
methods. The effect was eliminated in the same nmn-
ner as for the local coefficients. Correlation equations
for heut transfer and filction mere obtained which nde-
quately represent all the experimental data for smooth
tubes.

An analytical investigation of the compressible flow
processes occurring in the passages of high heat-flux
exchangers is continuing at the Lewis Ikboratory.
Charts are presented in Technical Notes 21S6 and 2328
for convenient determination of the compressible-flow
presmre drop sustained by monatomic and diatomic
gases ~as+mmingconstant heat capacities durirqg the
process) flowing at high subsonic speeds in constant-
mreapassages under the simuhaneous influence of fric-
tion and heat addition.

STABILITY -AND CONTROL

Static Stab&ty Inw3&igations

The use of end plates has been suggested as a pos-
sible memnsof relieving some of the acl-ieree laterul
stability and contrcd problems experienced with swept
wings. & investigation was therefore conducted in the
Langley 300-mph 7-by 10-foot tunnel to determine the
effects of end plates of various sizes and shapes on the
stability and control characteristics of se-rera~swept
wings. The results of this investigation, presented in
Technicrd Note 2229, indicate that at lovi lift coefficients
the addition of end plates increased the slope of the lift
curye, reduced maximum lift-drag ratio, generaIIy de-
creased maximum Iift coefficient, and increased longi-
tudinal stabiIity. It -wasabm found that the variation
of effective dihedral-with lift coefficientfor the wing-end
plate combinations investigated was reduced by an in-
crease in the size of the end plate.

A kno-wledgeof the character of the dovinvm.ehfields
behind wings is required for the rational design of
horizontal tail surfaces as weII as for the analysis of the
longitudinal stabiIity characteristics of an airplane,
One theoretical study of this problem has resulted in
the development of a metbd for calculating the down-
wash field behind lifting surfaces at subsonic and super-
sonic speeds. A description of the method, together
with an illustrative example of its use, is contained in
Technical Note 2344. In connection with another
study, a series of charts and tables was prepared from
-which the do-wmrash behind ho~hoe vortices in in-
compressible flow can be obtained. The use of these
charts and tables in connection with the calculation of
the down-wash behind wings of arbitrary planform is

described in Technical X’ote 2353, which also contains .. .
ilhetrative examples. Report 9S3 describes the use of
line vortex theory for the calcrdation of supersonic
do-ivnmsh and Technical &Tote2141 contains charts for
the estimation of dovinwash behind rectangular, trap-
ezoidal, and triangular wings which -wereprepmed on
the basis of Iine rortex theory.

Studies of Dynamic %ability

At the Ames Laboratory the dynamic latertd etability
clmracteristim of a dive-bomber type of airplane were
investigated in ~Uht to determine the cawssof a small .—
ampIitude continuous motion referred to as “snaking.”
The resdts of this inwstigatio~ reported in Tecbmical
Note 2195, indicate that the ffoat@ characteristics of
the rudder were affected by Mach number and had an
appreciable effect on the snaking of the airplane. Rud-
der modifications resulting in an increase in the restor-
ing tendency of tie rudder proved successful in elimi-
nating this undesirable lateral oaciIIation.

The e.f?ectsof control centering springs on the appnr-
ent spiral stability characteristics of a typical high-
-wingpereonal-owmerairplane have been investigated in
flight. Control centering was provided for both the
ailerons and rudder by means of preloaded springs.
Results of the investigation, reported in Technical Note
2-413,show that the airplane appeared to be spirally
unstable with controls free when the center@ springs
viere diseng~med because of moments resulting from
out-of-trim control position. With centering springs
engaged, however, the airplane quickly returned to
straight and level fight with the controb freed follow-
irg an abrupt disturbance. The report also includes in”
formation concerning the flfi~ qualities of the air-
plane in rough air.

At the Langley Laboratory free-flight-tunnel studies
were made to determine the efects of mass distribution
on the lovr-speed dynamic lateraI stability and control
characteristics of a free-flying model. In this investi- .-
gation the longitudinal and lateral mass dissributious
of the model were wried, both independently and si-
mrdtaneously, -whilethe reIative density factor was held
constant. The results of the investigation, presented in
Technical Xrote2313, show that increases in the rolling “–-
and yaviing moments of inertia reduced the control- __
lability of the model by increasing the time required to
reach a given angle of bank and caused the flying quali-
ties to become less desirable. The study also showed
that, as moment-of-inertia increased, the oscillatory
stability generally demeaeed and flight behavior be-
came progree9i’vely kss satisfactory.

A study has been made of methods for the evaluation
of dynamic stability parameters from flight-test data.
The ability to e-raluatetheso parameters by this tech-
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nique will make it possible to obtain information on
the variation of these factors in the critical transonic
range. The results of this study are reported in Tech-
nical Note 2340 and mathematical aids for the analysis
presented in this paper are reported in Technical Note
2341.

A summary of available methods for estimating sub-
sonic dynamic lateral stability and airplane rwponse
characteristics and for estimating the aerodynamic sta-
bility derivatives required in these calculations has been
made. The ~ults of this summary are presented in
Technical Note 24o9. This paper presents methods for
obtaining time histories of lateral motions, period and
clampingcharacteristic, and the lateral stability bound-
mies, and also providw references to related experi-
mental data. A brief discussion of the evaluation of
transonic and supersonic stability parameters is in-
cluded.

A matrix method has been derived to determine the
longitudinal stability codlicients and frequency re-
sponse characteristics of aircraft from arbitrary ma-
neuvers. This method is presented in Technical N’ote
2870 and can be applied to time history measurements
of such quantities as an@e of attack, pitching velocity,
load factor, elevator angl~ and hinge moment to obtain
over-ail coefficients. ‘iTith simple additional compu-
tations, it can also be used to determine frequency re-
sponse characteristics and may be applied to other prob-
lems expressed by linear differential equations.

A theoretical investigation was macle using LaPloce
transformations to determine the effect of nonlinear
stability derivatives on airplane lateral stability char-
acteristics, with particular emphasis placed on snaking.
The nordinearities assumed corresponded to the condi-
tion where values of the directional stability and damp-
ing-in-yaw derivatives are zero for small angles of side-
slip. Results of this study are presented in Technical
Note 2283 and indicate that under certain conditions
the assumed nonlinearities caused a motion which had
different rtit”wof damping for large and snmll ampli-
tudes and little damping at the small amplitudes.

Another theoretical study was made to determine the
effects of fuel motion on airplane dynamics. Results of
this study are presented in Technical Note 2280. In
this report, the general equations of motion for an air-
plane with spherical fuel tanks are presented. The mo-
tion of the fuel is approximated by the motion of solid
pendulums. The analysis applies to fuel tanks of any
shape if the fuel motion can be represented in terms of
undamped harmonic oscillators. The study shows that
fuel motion may have an appreciable effect on the dy-
namic behavior of an airplane.

balyticd and experimental investigations have been
mfide to determine the effects of wing interference on

vertical tuil effectiveness at low speeds. ‘llese studies
have been reported in Technical Notes 2332 and 2175.
Comparisons of the estimated and experimental results
indicate thnt the inclusion of a factor to account for
wing interference effects provides agreement between
the experimental nnclestimated wdues of the tuil con-
tribution to the rolling derivatives.

The lift and pitching moment producecl by angle of
attack, steady sttitepitchingj and constant vertical ac-
celeration for a series of thin sweptbrwkstreamwise-tip
wings of arbitrary sweep and taper hnve been deter-
mined through the use of linearized supersonic flow
theory, The method of analysis nnd the results from
the angle of attack and steady statepitching studies me
presented in Technical Note 2294 for a rnnge of super-
sonic Mach numbers that allow the wing leading edge
to be subsonic and the trailing edge to be either super-
sonic or subsonic. The method of analysis and studies
of the liti. and pitching moment due to constant vertical
acceleration are reported in Technical Note 9815 for a
range of supersonic Mach numbers for which the wing
lending edge is subsonic and the trtiiling edge super-
sonic. Design charts are presented in both of these m-
reportsthat permit rapid estimates of wing lift and
pitching moment for given values of aspect rtitio, tttpw

ratio, Mach number, and leading-edge sw~ep.

Automatic StabiIity Studies

The application of automatic controls to the operatiou
of aircraft complicates the analysis of aircraft dynam-
ics. In. order to gain a more thorough knowledge of
the factors involved in the automatic contro~ and sta-
bilization of airplanes and missiles, research has been
intensified on means of solting current unil anticipated
problems in this field.

A survey hns been made of various techniques used in
analysis of the stability and performance of nuto-
matidly controlled aircraft. This survey deals with
methods commonly applied to the linear, continuous
control type of system ordinarily used in aircraft, rmd
has been published as Technical Note 2275.

An investigation was carried out to ewduate the
suitability of proposed methods for analyzing servo-
mechanism systems incorporating feedback. This
study is clescribed in Technical Note 2373 and deals
with an extension of frequency response techniques for
the analysis of an rmtopilot-aircraft combination, This
paper contains comparisons between experimental dat:~
and results obtained by the use of the practicnl methods
of calculation which were developed.

An experimental investigation was conducted to de-
termine the response chamcteristics of four nirplane
configmmtions employing an autopilot sensitive to yfLvr-
ing mcelemt ion. The results of this study we pre

.-
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sented in Technical Note 9395 and show that predictions
based on the assumed autopilot characteristics did not
agree with experimental data because the assumptions
did not satisfuctorily approximate the frequency re-
sponse characteristic of the autopilot.

A theoretical method was derived for determining the
control gem-in-~ and time lags necessary for a speofied
damping of the lateral motions of an aircraft equipped
with an autopilot. The method was applied to a typical
airplane equipped with an autopilot which deflects the
rudder in proportion to ~awing angular acceleration.
The results of this study, presented in Technical Note
2307, indicate that the types of motion predicted for
this airplane-autopilot system by the deri~ed method
me in good a~eement -withthose obtained by a step-by-
step method.

Research on Controls

Theoreticrd and experimental research on the effects
of numerous control design variables on the characta-
istice of contrcds has been continued during the past
~ear.

In one theoretical study, an analysis was made of the
effects of sweep, aspect ratio, taper ratio, and Mach
number on the characteristics of inboard trailing-edge
flaps at supersonic speeds. This study considere cases
where the Mnch lines lie behind the lead~m and trail-
ing edges of the flap. Design charts developed from
the analysis and presented in Technical Note 5k205en-
able a rapid estinmtion to be made of the character-
istics due to deflection for control surfaces for which
the Mach lines from the flap tips do not intersect on the
contrcd surface.

In another theoretical analysis, supersonic control
characteristics were determined through the use of
existing conical-flow theory. Thie analysis npplies to
a broad range of trailing-edge control contlggations
having supersonic edges and covers such variables as
wing aspect ratio, taper ratio, sweep and control loca-
tion. The results of this study, presented in Technical
Note 25221,are in the form of equations and charts from
which Iift: pitching-moment, rolling-moment, and
hinge-moment coeficimts may be determined.

The stability and control characteristics of wings of
trapezoidal planform were investigated by means of
Linearizedsupersonic theory to determine the charncter-
istica of rarious wing-flap combinations. Expr&ons
for the stability characteristics were derived by treat-
ing tie conflation as a complete wing, and the con-
trol characteristics -were determined by treating it as
u rectangular wing -withhalf-delta tip flaps. The re-
sults, reported in Technical Note 2336, were cmmpared
with corresponding results for several other wing-flap
combinations and it was found that, of the wings con-

sidered, a triangular wing with either halfdelta tip
flaps or traihng-eclge cent.rolsexhibited the most favor-
able characteristics

& part of the general NACA program to investigate
the applicability of various types of ]atemd control de-
vices to -wingssuitable for h@h-speed flight, an experi-
mental investigation was conducted in the Langley 300-
mph 7-by 10-foot tunnel to determine the effect of aspect
ratio on the lateral control characteristics of a series of
untapered? Wept, low-aspect-ratio wings equipped
with continuous type retractable spoiler aiIerons. One
s.-weptwing was included in the study for purposes of
comparison, and, in addition to being equipped with the
continuous type spofler, -was also inwsstigated when
equipped -with a stepped or segmented spoiler aileron.
The results of the study, reported in Technical Note
2347, indicate that for the unswept -i-ringscontinuous
spoiler ai.Ieronsbecame progressively more effective in
producing ro~ as wing aspect ratio was increased. The
continuous spoiler aileron was lesseffective on the s-iiept
wing than on a straight .-wingof comparable aspect ratio.
On the s-weptwing it was found that the effectivenessof
the continuous spoiler generally increased as the spoiler
was moved progre~ively inboard, vrlde the opposite
was true for the stepped spoiler.

Au experimental investigation was conducted in the
b“ley 3oo-mph 7- by 10-foot turn-d to determine the
laterul control characteristics of an untapered semispan
wing having either 0° or 45° of sweep and equipped with
a plain unsealed aileron. The span and spanmise loca-
tion of the aileron were wmied in order to determine the
optimum configuration for roI1ing effectiveness. The
redts of this inwsti=wtion, reported in Technical
X’otes 2199 and X16, indicate thxt for either the swept
or unswept wing, a given partial span aileron was most
effectire in produci~w roll and in maintaining effective-
ness over a large ang~eof atttickrm-ge when located on
the outboard portion of the wing. It -wasalso found
that, although the rate of change of aileron hinge-
moment coefficientwith angle of attack could not tdways
be stdisfactorily predicted for the swept wing, existing
emptilcal methods for predicting the rate of chan~fyof
rolling moment coetEcient and aileron hinge-moment
coefficient with aileron deflection provided satisfactory
n=greementwith the experimental results for both the
straight and swept wings.

In order to determine the effect of aspect ratio on the
low-speed lateral control characteristics of low-aspect-
ratio winam,a series of four unswep~ untapered wings
with aspect ratios from 1 to 6 was investigated in the
Langley 300-mph 7-by 10-foot tunnel. The wings were
equipped with plain sealed ailerons of various spans
loeated at several span.wise stations. The results of
this study are presented in Technical Note 9348 and

.-
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show thut the variation of aileron effectiveness with
aspect ratio could not be accurately predictad for alI
ailreon spans by any of the theoretical methods utilized
in this investigation.

Studies of Damping Derivativea

Theoretical and experimental studies have been ex-
tended in the past year to develop methods for the
reliaMe evalucttionof clamping derivatives in all speed
ranges.

One theoretical method, clescribedin Technical Note
2197, was developed for calculating the pressure dis-
tribution and damping in pitch at supersonic Mach
numbers for thin swept wings having subsonic ei@s.
The method consists of the calculation of a basic pres-
sure distribution and the correction of this distribution
to account for the effects of the subsonic trailing edges
and tips. These data are then used to determine the
clamping-in-pitch characteristic.

Technical Note 2285 presents rm evaluation of the
supersonic damping in roll of cruciform delta wings by
means of linearized theory. Both subsonic and super-
sonic leading edges were considered. The effect of
increasing the number of wing panels from four to an
arbitmry number under the restriction of low-aspect
ratio was determined, and the damping for an infinite
number of wing panels -wasevalunted without restric-
tion as to mpect ratio or Mach number. A similar theo-
retical study is reported in Technical Note 2270 in
which the theory of slender wi~~s was used to deter-
mine the characteristics in roll of slender cruciform
wings. This analysis shows that, for the cruciform
wing, the damping-in-roll is considerably greater than
that of a phme wing having the same aspect ratio and
that the rolling effectiveness is less than that of n plane
wing.

Experimented studies of damping derivatives have
been carried out in the rolling and curved flow facilities
of the Langley stability tunnel. One investigation was
conducted to determine the effects of horizontal tail
location on the low-speed static longitudinal stability
and damping in pitch of a model with 45° swept wings
and tail. The results,published in Technical Note 2381,
indicate that at high angles of attack, lowering the
horizontal tail increased the static longitudinal stability
and decreased the damping in pitch. A related inves-
tigation is reported in Technical Note 2382. In this
stucly,horizontal tail size and tail length are variables.
The study shows that the contribution of the horizontcd
tail to static longitudinal stability was directly related
to tail size and length, while damping in pitch -wasre-
lated to tail size and the square of the tail length,

&other investigation was conducted in the Langley
stability tunnel to determine the effect of vertical tail

area and tail length on the yawing stability of a model
with a s-weptwing. Technical Note 2358 contains the
results of this study, which indicate that the effects of
wing-fuselage interference for the miclwing configura-
tion studieclwere small ovar most of the cmgle-of-tittack
range, Large interference effects on the vertical tuil
effectivenesswere apparently produced by both the wing
ancl fusehge at modemte and high angles of attack, but
because these effects tended to cancel each other, the
gross effects were small.

Investigation of Flying Qualities

The increasing operational speeds of current tmd pro- -
posed aircraft have aggravated the problems invo~vecl
in defining and achieving flying qualities compat iblc
with safety, performance , and piloting requirements.
Research to isolate the effects of numerous design pa-
rameters on flying qualities has continued to receive
attention.

Two design facto~s which can significantly affect the
flying qualiiies of an tiirplmnemu the wing airfoil sec-
tion and the type of lateral-control device employed.
To determine the effects of one of these design variables
on the flying qualities of an airplane model, cm investi-
gation was conducted in the Langley free-flight tunnel
to detern~inethe effectsof round and sharp le:~ding-edge
airfoil sections on the dynamic lateral stability and con-
trol characteristics. Two models viereused in the study,
one representative of a current fighter airplane with
respect to inertia characteristics and the other repre-
sentative of a possible future design in which mass is
concentrated rdong the fuselage. The results of the in-
vestigation, reported in Technical Note 2219, indicate
that airfoil section has no apparent effect on the flying
qwdities of the model with high fuseh~geinertia. The
normal inertia model when equippe.clwith the wing lMv-
ing u rouncl-nose airfoil section exhibited adverse yaw-
ing during aileron rolls which increased with decreases
in directional stability. This same model, however, ex-
hibited no adverse yawing when fitted with the wing
having a sharp-nose airfoil, even at low vulues of
directional stability. This difference in flying chamc-
terstics is attribnteclto the adverse yawing moment due
to rolling of the rouncl-nos8 wing, which on the other
moclelis apparently maskedby the high fuselage inertin,

Another investigation was conducted in the Lm@ey
free-flight tunnel to compare the dynamic lateml-con-
trol characteristics of stepped plug ailerons with those
of conventional plain flup tii]erons. The model employed
in this study hacl a low-aspect-ratio swept wing equip-
ped with full span flaps. The results of the investi-
gation, published in Technical Note 2247, show that
when the lateral stability characteristics were satis-
factory the controllability of the model was better with

.—
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pht.g ailerons alone than with conventional ailerons
done because the 10SSof rolling effectiveness due to the
adverse yaw associated with the flap aileron vm.smore
objectionable than the lag associated with the plug aikr-
ons. For conditions of low dynamic lateral stability,
the con-rentional ailerons alone provided better control-
lability than either plug ailerons alone or a combination
of flap uilerons and rudder. Although the time lag of
the plug ailerons was excw=ire according to existing
fly~m qualities requirements, the pilot considered the
controllability of the model to be satisfactory.

The improvement.of passenger comfort in airplanes,
through a reclnction of accekratious caused by rough
air: has become of greater interest as airplane opera-
tional speeds have increassd. One method which has
been suggested for providing increased comfort in h.igh-
speed airphmes is to have the wing flaps operated by
an angle-of-tittack or acceleration-sensing device in
such n manner as to reduce accelerations due.to gusts.
A theoretical study of such a system has been made
and is reported in Technical Note !2416. The results
of the study show that flaps with characteristics sim-
ilar to those of con~entional landing flaps me unsuit-
:lhle for acceleration alletiat ion because of airplane
pitching motions resulting from flap deflection. The
analysis indicates that the flaps shouId produce zero
pitching moment about the wing aerodynamic center
and downwash at the tail in the opposite direction from
that normally expected in order to be satisfactory for
this application. Various means of achieving these
characteristics are suggested, and it is shown that flaps
possessing these desirable characteristics wordd be ef-
fective in reducing accelerations in rough air when
combined with an an@eof -attack or acceleration-sens-
ing device.

In the previous study no attempt -wasmade to con-
sider the practical probkms involved in the design
of a mechanism for acceleration alleviation. To help
evaluate one of these problems, an experimental in-
vestigation was made to determine the ability of a wtne
mounted ahead of the nose of an airplane to gi~e an
indication of the awwage angle of attack over the entire
viing span during flight through rough air. The re-
sults of this investigation are presented in Technical
Xote 2415 and show that the device gives a sufficient.ly
accurate indication of average ang~eof attack over the
wing span to allow its use in an acceleration alleviation
system.

spinning Investigations

The spin and recovery characteristics of airplanes
we dependent on many aerodynamic and structural de-
sign parameters. In order to provide the designer with
information on vihioh of these parameters may be of
primary importance to the recoverv characteristics of

any particnIar aircraft cor&guration~ research on the
problems of spinuing hm continued in the Langley
20-foot free-spinning tunnel.

One investigation was conducted to determine the
effects of mass and dimem=ionalradiations on the spin
and reco~e~ characteristics of a model representative
of current four-pIace light airphmes. The results,
which are reported in Technical h“ote 2352+ indicate
that satisftictory recovery characteristics could be ob-
tained for all of the mass distributions studied pro-
videcl that the proper sequence of control morements
for recovery was foIlovred. It was also found that un-
less the rudder can be made to float a=-inst the spin,
reco-reryby releasing controls maybe difiicult to achieve
unless the ele-iator floats below neutraL Other require-
ments for spin recovery set forth in current regulations
cgulcl probably be met for the model arrangements in-
vestigated by restricting center-of-=mavity location and
providing a high value of tail damping.

Because a previous study had indicated that a horn-
balancecl rudder might possess the desirable charac- ..__
teristic of floating against the spin, an experimental in-
vestigation -was undertaken to determine the floating
characteristics of full-length plain and horn-balanced
rudders cluring rotary tests at spinning attitudes of a
model of n typical lo-w-wing light airplane. The effects ._
of the horizontal tail and -wing on the rudder floati~a

.—

charticteristic~ were also determined. The results of
this investigation, reported in Technical fi’ote 2359, in-
dicate that for this codguration the rudder was in the
wake of the stalled wing and oscillated violently for
high spinning angles of attack. At lower angles of at-
tack, or for the case in which the tail vim outside the
-wakeof the stalled wing, the horn-balanced rudder had
more desirable floatirg characteristics than a plain
rnddert although neither would fulfill the floati~mde-
flection requirements for control-free spin recovery.

—

AIRCILWT PROPELLERS

In the field of propeller vibration. Technictil Xote
230S has been published in centinuation of the investi-
gatiou of first-order propeller ~ibration on a twin-
engine. stmight-wing airplane in the Ames 40- by
SO-foot tmmel. A procedure has been derelopecl for
computing the flom field at the propeller phlne to a
suflicieut degree of accuracy to permit satisfactory cal-
culation of the propeller ribratory stresses. In the
procedure, nccount is tnken of the upmwl contribu-
tions of the wing. fusdage: and nacelles and their
mutual interference effects. The anal@s shows that
the nacelle caused an unezcpectedIylarge effect whic&
if ignored, could readily cause disagreement between
the mn=-itucle of computed and measured vibratory
stresees.
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In another propeller vibration investigation, the
existing analysis applicable to the prediction of first-
order exciting forces for the straight-wing propeller
case has been extended to inclucle the swept-wing pro-
peller combination. With the aid of the straight-wing
zmalysi~a typical swept-wing propeller-driven airplanO
design has been studied to examine the magnitude of
the once per revolution exciting forces which could
exist. It has been found that in addition to the usurd
exciting forces, a new and relatively important one is
added where a swept wing is used; this results from the
relative fore and aft movement of the propeller blade
with respect to the leading edge of tha wing which is
swept with respect to the propeller plane of rotation.
It was found further that the effects of Mach number
are such as to reduce the magnitude. of the once-per-
revolution exciting forces.

sEAPIJmEs
Hydrodynamic studies have continued in the Lang-

ley tanks to provide basic and design data for the
development of water-based airplanes.

One study reported in Technical Note 2297 investi-
gated the use of high angles of dead rise on high-length-
beam-ratio flying-boat hulls as a means for reducing
water loads encountered during rough-water operation.
An increase in angle of dead rise from 20° to 40° in-
creasedthe take-off stability and substantially improved
the spray characteristics of a high-length-beam ratio
hull. A expectwl decrease intake-oil performance was
evidenced by increases in take-off time and distance of
25 and 30 percent, respective~y. The over-all rough-
water landing behavior was improved; the maximum
vertical and angular accelerations were reduced ap-
proximately 55 and SOpercent, respectively. The re-
duction in vertical acceleration was in good agreement
with that predicted by impact theory.

ROTARY WING AIRCRAFI’

Based on the resultsof flight investigations of several
single-rotor helicopters, preliminary qualitative re-
quirements for satisfactory flying and handling quali-
ties of helicopters have been establklmd. Progress in
designing helicopters to meet these requirements, how-
ever, has been handicapped by the need for a method
permitting sufficiently accurate prediction of the fly-
ing qualities of a helicopter at the design stage. To
help fiIl this need, cmisting rotor theory, accurate for
the calculation of rotor performance and blade motion,
has been extended (Technical Note 2809) to permit the
prediction of those rotor characteristics that influence
the flying qualities. Variation of the longitudinal de-
rivatives of rotor resultant force, rotor pitching mo-

ment, and rotor torque with operating parameters such
as rotor angle of attac@ collective pitch, forward speed,
and rotational speed may be determined. The usual
simplifying assumption that the rotor resultant force
vector is perpendicular to the rotor tip path plane is
shown by the resulte of this theory to lead in many
cases to grossly incorrect longitudinal stability deriva-
tives. The theory aIso indicates that the increase in
rotor load factor with an incremental increase in angle
of attack is approximately linear with increasing for-
ward speed. This is in contrast to the airplane where
the increase is as the square of the forward velocity.

Increases in tbe forward speed of helicopters are ex-
pected to require increases in rotor tip speeds in order
to avoid excessive tip stalling on the retreating Made.
At tip speeds within the transonic range the rotor wiIl
suffer some performance loss due to compressibility. In
order to gain an insight into the mabmitudeof this com-
pressibility-induced performance 10SSand to furnish a
check on theoretical methods of estimating the loss, two
conventional fuWscale rotors? one having linear twist
and the other untwisted, have been tested to tip speeds
up to 77o feet per second on the Lan.gley helicopter test
tower. The resultsof this study, reported in Technical
Note 227’7, show that both rotors suffered increasing
compressibility losses as the tip speed increased to the
maximum epeed studied. Linear twist delnyed the
onset of compressibility losses. For the blades investi-
gated good agreement was obtained between the meas-
ured and predicted drag-divergence Mach number.

As part of a general investigation of the aerod-y-
namic characteristics of various multirotor con.6_gura-
tions, an investigation to determine the static-thrust
performance of two full-scale coaxial helicopter rotors
has been conducted in the Langley full-scale tunnel.
One coaxial rotor vws equippecl with blades tapered in
both planform and thickness and the other with blades
tapered in thickness only. The result~ presented in
Technical Note 2318, show the hovering perforrmmce of
each rotor in the coaxial configuration and with the
ripper rotor removed. The effect of application of yaw
control on the hovering performance of the coaxial con-
figurations is also presented. A comparison of mens-
ured and predicted hovering performance is included.

As a part of the investigation of multirotor config-
urations a study was made of the air-flow patterns
through small ecde single, coaxial, and tandem rotor
model% The balsa-dust technique of air-flow visuali-
zation ivas employed. The photographic results, pre-
sented in Technical Note 2220, provide a qualitative
interpretation of the transient and steady-state flowI
through the rotors.

A theoretical study of the rigid-body oscilltitions in ‘-
hovering of helicopter rotor blades has been made by
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the Polytechnic Institute of Brooklyn under NACA
sponsorship. The study, presented in Technical Note
2226, includes a determination of the rigid-body fre-
quency and damping characteristics of the coupled flap-
ping and lagging oscillations of helicopter bIades on
vdlich the lagging h@e axis is o&t from the flapping
hinge axis and both hinges are inclined. The effect of
offset of the flappirqghinge axis from the axis of rota-
tion of the rotor is ak.o considered.

The anaIysis and numerical examples indicate that
significant increases in the damping of the lagging
motions! which ordinarily border on instability, cm be
obtained by suitable inclinations of the hinge +
particularly the lag@g axis, Otketting the flapping
and lagging hinge axis alsa increases the natural hg-
ging frequency.

UPPER ATMOSPHERE RESEARCH

in Technical Note 1200with the observed free periods of
mcillat ion of the atmosphere has codinued. Tech-
nical Notes 2i209and 22314present the results of a con-
tinued study of atmospheric tides by the Institute for
Advanced Study, under NACA sponsorship. The in-
wstia@ions indicate that certain simplifying amunp-
tions mude in the development of the basic ocean tide

equations iuvaIidat es these relations for application to

the study of atmospheric tides. A method for includ-

ing the previously neglected terms in the tidal equations

has been outline~ and two atmospheres of different tem-
perature distribution htire been studied.

A review by the Subcommittee on the Upper .-tmos-
phere of experimenhd information on the characteris-
tics of the atmosphere from sea level to a height of 32
kilometers has indicated that the standard atmosphere
tentatire]y proposed in Technical Note 1200 represents

The study of the compatibilityy of the tentative stand- to a satisfactory degree of accuracy the charac&istics
ard atmospheric temperature distribution as set forth of the atmosphere within this height r~me.

POWER PLANTS FOR AIRCRAFT

With the ever-increasing trend for aircraft operation
at higher altitudes and higher Mach numbers there has
arisen a multitude of complex power plant prob~ems.
?3f&ient diffusers at high Mach munber, greater air ffovi
handling ability of compressors, increased combustion
efficiencies at high altitudes without blowo~lt or insta-
bility, increased turbine inlet gas temperatures, reduc-
tion of strategic material content, increased thrust aug-
mentation with afterburners, and the orer-a.11engine
control and component matching require extensive
power plant rwearch. For the purpose of obtaining the
most efficientoperation of each part of the power plant,
these problems hare been approached thro~mh theoret-
ical and experimental investigations. Power plants,
such as the turboje~ the turbopropeIIer, the ram je~ the
rocket, and combinations of these engines utiliziig
chernicrdand nuclear fuek are currently under in-resti-
gation. As a result of this research improved subsanic
and supersonic operation of the interceptor, the long-
range bomber, and the guided missile can be expected.

NAC.A efforts in the aircraft-propulsion field have
been assisted by the Committee on Power Plants for
Aircraft and iti seven subcommittees. The foI.Iowing
discussion is lin~itedto unclassified research.

AIRCRAFT FUELS RESEARCH

power plants. Concurrently with research on future
fuels it has been necessary to maintain a high degree of
emphasis on current aircraft fuels in order to assurethe
availability of satisfactory fueIs in the event of an
emergency. The greatest problem in the current air-
craft-fuel prcgram is the formalization of a sound fuel
specification that will assuremaximum availability and
superior performance.

$$mtheais and Amdpia

Bec~use many of the aircraft considered for the fu-
ture are -rohnnel.mited with respect to fuel storage,
hydrocarbon synthesis has been directed primarily to-
ward fueIs that -wilIrelease high energy per unit vol-
ume and consequently permit the attainment of desired
flight range. Fuels of this type are not readily available
even in small quantities required for research studies.
For this reason synthesis facilities of the NACA are
in continuous operation isolating pure highdensity
hydrocarbons to be used in engine-performance studies.

During the paaa year the synthesis and purification
of some of the high-density hydrocarbons have been
kscribecl in Teclmical Notes W30 and 2260. Nineteen
compounds were isolated and those having satisfactory
phyaicrd and chemical properties will ultimately be

—

Intensive effort has been applied in the past yet-wto evaluated in typicaI turbojet<ornbustor performance
the field of aircraft-fuel research with consideration be- investigations. The synthesis projects are planned in
ing given to current aircraft fuels as well as fuek+of the an orclerly manner to permit the analysis of correla-
fut me. .is might be expected, investigations conducted tions between rnolecular structurc and properties. By
since the advent of jet propulsion have gradua]ly led this process considerable time and money is saved in
toward the de-relopment of special fuels for future that an exmnination of the correlation till inclicate
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-whichmolecular structureshave obvious disaclvantages,
thus obviating costly and tedious synthesis.

In addition to high-density hydrocarbons, other
compounds have been synthesized for investigation as
powible fuel components to provide greater combustion
stability over wide operating ranges and better ignition
characteristics. Hydrocarbons such as cyclopropane
derivatives me being prepared for study of the effect of
molecular structure on rates of flame propagation. Re-
sults of the synthesis of ten cyclopropane hydrocarbons
have been reported in Technical Notes 2258, 9259, and
2398. The ten hydrocarbons were obtained in high
purity for the first time md physical constants and
infrared spectra are given in the cited references. Syn-
thesis procedures were developed, and physical proper-
ties and heats of combustion were determined for four
alkylsilanw. This was the first experimental deter-
mination of heats of combustion for thew compounds.

In the course of conducting synthesis projects, occa-
sional results of general interest with regard to experi-
mental technique are obtained. When this occu~ the
data are published for the information and use of vari-
ous synthesis laboratories. A study of this nature has
recently been reported in Technical 7Sote2342, In this
publication an evaluation of packed distillation columns
used by the NACA is described.

Aside from the determination of physical properties
of synthesized materials, the NACA analytical labora-
tories participate in studiesto improve methods of anal-
ysis of fuels, Particular attention has been given to the
analytical procedure for cleterminationof aromatic and
oleiinic hydrocarbons in wide-boiling petroleum f rac-
tions. These hydrocarbon classes are known to be sig-
nificant in relation to engine performance ancltherefore
the quantities present in n given fuel stock must be ac-
curately known, A procedure for the determination of
aromatics cmd olefins has been deveIoped which is ap-
plicable to the determination of aromatics and olefins
in petroleum stocks with final boiling points below 600°
F. Accuracies of 1 percent are attained with analysis
times of less than 8 hours.

FueIe Performance Evaluation

The problem of relating easily measured hydrocarbon
fuel properties to el]gine performance has received con-
siderable attention sincg the advent of jet propulsion.
The object of this research is to permit the prediction
of engine performance of fuels from fuel properties
that may be determined with relative ease. Combustion
properties of interest are spontaneous ignition tempera-
ture, flame velocities, and inflammability limits.

Spontaneous ignition temperatures for 109 hydrocar-
bons and commercial fuels have been determined by a
crucible method. From these data trends in the varia-

tion of ignition temperature with molecuhm structure
have been established. The performance of ten of them
fuels has been studied in n single tubular combust.w.

During the past year flame-velocity studies were made
of 37 pure hydrocarbons. The classes of conlpouncL~
examined were alkanes, alkenw, alkynes, benzene, and
cyclohemme. The results of this study indicated that
the flame velocities of the normal alkanes were the stime
except for methane which had a velocity about 16 per-
cent lower than the allmnesof higher molecular weight.
The alkenes and the alkynes had velocities somewhut
higher than those of the alkanes,particuhwly in the IOW
molecular weight range. The results of this investiga-
tion have been published in the Journal of the American
Chemical Society (vol. 73, No. 1, January 1951).

The flame velocity investigation was later extended
to include the alkadienes. Ten compounds in this class
were studied and it was found that the flame velocities
were higher than those of the alkanes and approxi-
mately equal to the flame velocitie9 of the alkynes inves-
tigated. Performance of certain fuels in these classes
of compounds are being studied in a single tubular com-
buster.

The flame-velocity data accumulated in the foregoing
investigations have been used as the basis for correla-
tions between molecular structure and flame velocity.
One such correlation indicated that the maximum flame
velocity is a function of the concentrations of the vari-
ous types of carbon-hydrogen bonds in the inflammable
mixture. From this correlation the maximum flame
velocities were crdculated for 34 hydrocarbons. The
average difference between the calculated and observed.
flame velocity is less than 2 percent. The results of this
analysis were published in the Journal of the American
Chemical Society (vo1. 7’3, No. 4, April 1951).

As another part of this research an investigation is
being conducted to determine the inflammability limits
of pure hydrocarbon-air mixtures at different pressures.
The limits were determined for 17 pure normal
paraffis, branched paraffins,and mono-olefins. It was
found that the lean inflammability limits were about
the same for all of the fuels, however, the rich limits
increased markedly with increased molcculm weight.

The tendency of certain fuels to deposit carbon in
combustors thereby lowering performmce and causing
mechanical dficulties continues as one of the more im-
portant problems for research. Brief investigations
have been made of several fuels which contain com-
ponents allowable in the jet fuel specification but which
appear marginal from a carbon deposition standpoint.
A study of these fuels with several current turbojet
engines is intended to show how fuel specification and
combu.stor design may be compromised for lmst per-
formance and maximum fuel availability.

-.
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COMBUSTION RESEARCH

Because aircraft engines must produce enormous
power from a small package, it. is axiomatic that the
combustion problem is to release tremendous quantities
of heat energy from the fuel in a small vohune and in
a short space of time. NACA research on combustion
is directed at obtaining an understanding of the basic
physics ancl chemistry behind the phenomena in-rol-red
in combustion and demonstrating how these phenomena
can be put to use to meet all the requirements of flight.
Basic studies are made on detaiIed problems of com-
bustion such as evaporation, ignition, flame propaga-
tion hits, flame velocity, flame quenching, with vari-
abks such as composition, pressure? tempe~tu% ~e-

locity, and turbulence. Studies on applying these data
involve (a) systematic studies of the &ect of operating
variable and design variables on engine performance
such as combustion eiiiciency, altitude operational lim-
its. smoke and carbon formation, pressure drop and tem-
perature profle, and (b) attempts to correlate basic
combustion laws with enbgineperformance.

Fundamentals of Combustion

To gain an insight into the problem of combustion
stability at high altitudes, a study has been made of the
chemical and physical factors affecting the inflamma-
bility limits at different preasur=. The results of the
investigation of chemical factors were discussed under
the fueIs reswrch pro~am. .ti imestigation was also
made of the etlects of wails on inflammability Limits.
The results indicated that the minimum pressure for
flame propagation increased with diminishing tube
diameter (greater relati-re -wall area). In connection
with the inflammability Iimitaof fue~ an investigation
was conducted to determine the combustion efficiencies
of hydrocarbon-air systemsat reduced pressures. With
quiescent fuel-air mixtures and with small difision
flames, combustion efficiencke cke to 100 percent were
obtained nt presssres much lower than those found in
turbojet combustors at high altitude; in general, &-
ciencies were high at presmes approaching the Iimit-
ing values for inflammation.

SewraI projects are in progress to ascertain the basic
mechanism of flnme propagation in order to gain in-
sight into the actual combustion process that occurs in
an enggne. The.ssstudies supplement the studies of the

effect of hydrocarbon structure on flame vekwity re-
ported in the fuels program. In one phase of this work,
the effect of initial mixture temperature on flame
~elocit~ -mIsevaluated. The first of thesestudies (Tech-
nicid Note 2170) evahmted the flame =uAcities and
blow-off limits of propane-air flames. These studies

-werelater extended to include methane-air anclethylene-
air flames (TecbnicaI If70te2374). As a resuIt of theM
projects, equations were developed to permit the eet.ima-
tion of flame mlocity at -rarious initial mixture temper-
atures in the range of 34° to 344° C.

In order to achieve a better understanding of the
cauea of flame propagation, Several stufies have ken
made of the effect of free radicals on flame propabfption.
Innsmuch as hydrogen difFusesmore readily than other

.

radicals in a flame, it has been suggested by past in-
vestigators that the rate of flame propagation is related
to the hydrogen-atom concentration in the flame zone.
AU evaluation of this theory was made by adding light
water and heavy water to mixtures of carbon monoxide ..
and air and measuring the flame ~elocitiea. R was rea- ..—
soned that hydrogen from heavy water would diffuse
1sssrapidly than that from light mater; consequently, a
lower flame -rehcity would result. Measurementsof the .. .
flame velocities substantiated this reasoning.

In an analysis of flame-velocity data for 35 pure
hydrocarbons, it was conchlded that the rnaximw fl~rne

~elocities were consistent with the active rmlical theory
of flame propagation. Only one pure hydrocarbon,
ethylene, was found to be inconsistent with the theory.
This analysis was published in the Journal of the
American Chemical Society (-rol. 73, No. 1, January
1951).

In connection with frame-Telocity investigations, a
method for determiningg the distribution of huninous .—
emitters in a Bunsen flame was found and is described
in Technical A’ote 2246. As an examp~eof the applica-
tion of this method, an intensity distribution in a Bun-
sen cone image resulting from the free radical Cz radia-
tion was analyzed.

In order to correlate the fkun~propagation rehcit.iee –=
of a burner with the lod turbukmcs intensity in the .=_
flow, quantitative turbulence data are needed. Such
data hare been obtained from an irmessigation, the ___
results of which are presented in Technical N’ote .2361.
Dtita vrer~ obtained for turbuhmt-~elocity-fluctuation
components and rnezm-~elocity distributions in a sub-
sonic jet iawing from a pipe in which fully de~eloped
tnrbulent flow vws established. It was found that at the
jet exit the axial-fluctuation-velocity component was
about 2’.5times as great-as the radial component at the
pipe center line. Near the pipe -walllthe axiaI-fluctua-
tion-relocity component was about three or four times
as great asthe radial component. The axial components
of the turbulent fluctuation velocities diminished rap-
idIy downstream of the pipe mall, whereas the radial
components were practically constant so that the axial
and radial components npprcmcheda condition of equal
magfitude with increasi~v distance from the pipe exit
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LUBRICATION AND WEAR

Fundamentals of Friction and Wear

The current trend in the selection of aircraft-power-
phmt lubricants is to materials of low viscosity. The
primary reason for this is to meet low temperature
operating and starting requirements. It may be ex-
pected that such usage will lead to difficulties because
of the low load capacities obtained with the light oils.
One means of compensating for the reduced load caprtc-
ity is by the usc of EP (extreme pressure) additives.
One of the objectives of lubrication and wear research
is to determine for surfaces lubricated with EP addi-
tives whether a change in chemical reactivity could
appreciably affect the rate of production of a pro-
tective fdm uncl thus appreci~bly affect the critical
sliding velocity at ,which surface -welding begins.
Among the additives under study are benzyl chloride
C,H,CH,C1, p-dic.hlorobenzene C,H,Cl,, free sulfur S,
benzyl disulficle (C,H.CH,) ,S,, and phenyl monosufide
(C,H,),S, at sliding velocities from 75 to 7,OOOfeet per
minute and initicd Hertz surface stressesup to 194,000
p. s. i. (Technical Note 2144). Results indicate that
higher critical sliding vekwities may be obtained -with
additives whose active atoms have the greatest chemical
reactivity. The study showed that the factor of activ-
ity of the individual active atoms w-asmore important
than the number of such atoms available for reaction.

A further study of the eflect of additives on critical
sliding velocities involved the use of fatty acids (Tech-
nical Note 2366). This investigation was conducted
because it has been found that with an EP additive
lubrication may be ineffective at high sliding velocities
because a chemical reaction between the surfaces and
the additive to provide a lubricating film may not have
time to occur. Further, studies at low temperatures
have establishedthe point that with the fatty-acid xddi-
tive, high contact temperatures or pressures are unnec-
essary for the formation of an effective lubricati~o film.
Studies have been completed of stearic acid as fin nddi-
tive in cettine at sliding velocities up to 7,000 feet per
minute on clean steel surfaces and surfaces coated with
ferric oxide Fe,O, (Technical Note 2366). The ex-
periments indicate that the type of surface oxide and
the thickness of the oxide film are important in deter-
mining the effectiveness of stearic acid as an additiwa

Most of the bearings employed in the turbine-type
aircraft power plants are roMng-contact bearings.
Early service experience indicated that one of the prin-
cipal sources of failure in bearings haa been lubrication
failures at the cage locating surface9 (retainer or sep-
arator). These failures are due in main to the difficulty
in obtaini~~ proper lubrication because of design con-

figurations and to %igh-temperature soaking” (above
500° F.) of the turbine bearing after engine shut-clown.
One meansof reducing the severity of the problem is to
obtain a cage material having R leasertendency toward
metallic adhesion to steel under marginal conditions of
lubrication than the currently used materials. SIiding
friction experiments have been made to obtain funda-
mental comparative information on friction ancl wear
properties which are a general measure of adhesion
(Technical Note 2384). The materials studied were
brawl bronze, beryllium copper, Monel, Nichrome V,
24S-T aluminum, nodular iron, and gray cast iron at
sliding velocities up to 18,000feet per minute. On the
basis of wear and resistance to welding only, the cust
irons were the most promising materials investigated
in that they showed the least wear and the least tendency
to surface failure when run dry. On the basis of
mechaniea~properties, the nodular iron is superior to
gray cast iron. Results obtained with bras%beryllium
copper, and aluminum indicate that these materials tire
not particularly suited for cages.

It has been observed that the running of piston rin~
particularly nitrided cylinder barrels, induces the for-
mation on the ring of a surface coating which had
different ancl, in some respects, superior properties
compared with those of the bulk ring material. An in-
vestigation has been completed, whose objective WM.to
determine to what extent these rubbing conditions
could have produced transfer of metal from the barrel
to the ring (Technical Note 2271), The study con-
cerneclitedf with metal transfer between nitrided steal
of several hardnesaesand also between chromium plate
nnclnitrided steel. The technique employed consisted
of making one of two rubbing surfaces mdioact ive, car-
rying out rcfriction test and then examining the other
surface for signs of radioactivity, The effects on nmte-
rial transfer of, load, speed, clistante of truvel, repeated
travel over the same path, hardness of the moving sur-
face, anclthe type of chromium plate were investigated.
In the case of all materials studied, there was an ob-
servable tu-nountof transfer. The amount of transfer
wns roughly proportional to the distnnce traveled and
was independent of vihether this travel was repeated a
number of times over the same track or was continu-
ously over fresh surface, In addition, the amount of
transfer for a given distance of truvel was constant
over a range of low speeds, but started to decrease at
higher speeds. This indicates that a possible pretreat-
ment,to obtain a desirable surface layer might consist
of running rings in a spec.itilcylincler having walls of
selectecl composition and controlled hardness to give
surface coatings highly improved characteristics in a
miuimurnlength of time.
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Fretting

Fretting is defined as the surface failure that m:iy
occur when closely fitting metaI surfilces unclergo slight
reh~tive motion. Recent research condncted by the
X.ICA indicates that fretting is the result of localized
or very concentrated friction phenomenn. Adhesion is
believed to be the primm-y friction phenomenon in-
volved in that it muses the removal of finely diviclecl
oxicliz~lblemetal. Other phenomem[. such M the rub-
bing off of oxide films, -welding from frictional heut,
and nbrasion. undoubtedly contribute to surface de-
struction. The effectiveness of the intermetallic com-
pound molybdenum disulfide (MoS,) as a fretting
inhibitor ras studied: utilizing a steel ball, vibrated in
contact with gks flats at 120 cycles per second, an
amplitude of 0.001inch, and a normal load of 0.2 pound
(Technics] Note 2180). A coating of dry molybdenum
disuIilde bonded to steel by rubbing a mixture of mo-
lybdenum disrdfide and syrup in intimate contact with
clean steel at elevated temperatures pro~ed the most
elfective. This conti~a delayed the onset of fretting
to 28,000,000cycles in contrast to less than 30 cycles for
a clean uncoated steel

Bearing Research

A clepencIablebearing to carry a radial load at ex-
treme speeds and at high ambient temperatures is de-
sired for use as the turbine-support bearing in aircraft
gas turbines vihere the gravity lends are usually under
1$)00 pouncls and the DN (diameter in millimeters
multiplied by rerolutiona per minute) values are as
high as 1X 10’. To develop such a bearing it is neces-
sary to know the operating characteristics and limita-
tions of c.onventionmlrolling-contnct bearings at high
speeds and how these characteristics and limitations
may be improved and extended by such means as im-
proved lubrication methods and design moditlcations.
A study has been completed utiIizing three types of
bearings to determine experimentally the operating
char~cteristics of conventional cylintilcal roller bear-
ings at high speeds at DhT values from 0.3X 10E to
1.65X 10’ and static radial loads from ‘7 to 1,613
pounds ,with circulatory oil feed (Technical Note
212S). The operating temperatures of the bearings
were found to differ most appreciably in the lo-iv-load
high-speed rrmge where the roller-riding cage-type
bearing exhibited signi&mtly lower operating tem-
peratures than the om+ and two-piece inner-race-rid-
ing cage+pe bearings. However, the operation of
the roller-riding bearings -was considerably rougher
than that of the inner-race-rid@ bearings and they
showed prohibitive cage and rcdler wet-m.

A continuation of the study outlined above vim
undertaken to compam and to evaluate the effects of oil-

in]et location, jet angle, and jet velocity on outer- and
inner-race bearing temperatures for single-jet lubrica-
tion over a wide range of variables (Technical Note
9216). The effect of oil flows of 0.6 to 12.9 pounds per
minute and oil irdet velocities of 13 to 200 feet per
second -were studied utilizing a onepiece inner-race-
ridhqg brass cage bearing o~er a load range of 113to 36S
pounds and DN wdues of 0.3X 1(Pto 1.43X I@. For the ‘ “–
conditions studied, the inner- and outer-race tempera-
tures were found to be at a minimum when the oil vim
clirected at the cage-locatingj surface perpendicular
to the bearing face. A mathematical correlation
based on heat transfer considerations was obtained
such that for a gi~en operat~m condition a representa-
ti-resingle straight line resulted regardless of whether
the bear@o spee~ oil flow, or jet diameter was varied.

COMPRESSOR AND Tum3mERESEARCH
Compressor Research

Both high-speed and long-rsmge aircraft utilizing
gas-turbine power plants require light compact com-
pressors with Iarge air-flow capacities and high pres-
sure ratios and efficiencies. Compressor research, there-
fore, is being directed toward solving aerodynamic
problems of compressing air ticiently in a compressor
of minimum frontxd area, minimum len=@h,and mini-
mum complexity, so that the unit will be mechanicdy
sturdy and easily manufactured. A rdiable engine
having comparatively low initial cost can thus be ob-
tained. Compressor research consists of theoretical
viork on compressor aerodynamics, ~~ide vane studies,
cascade investigations, and single-stage and multista=~
compressor investigations.

The theoretical approach to the aerodynamics of com-
pressors has been concentrated on obtaining a working
knowledge of the flow phenomena aseeiated with the
compre~or and its operat~m conditions. As an ap-
proach to the solution of the three-dimensional flow
through compressors, a general through-flow theory
corresponding to axially symmetric flow has been de-
veloped (Technical hrote2302). The theory is applica-
ble to both direct and irwe~e problems and is derived
primarily for use in machines having thin blades of
high SOfidi@.

In order to approximate t-he circumferential wria-
tion of the flow conditions, which is neglected in the
through-flow schtion, several different approaches have
been used. Wlen the radial component of flow is
negligible, the flow follows along cylindrical surfaces
and may be analyzed in terms of the equivalent two-
dimensional cascade. The method developed for de-
signing cascade blades (Technical Note 22$1) with pre-
scribed velocity distribution for subsonic compressi-
ble flow based on a linear pressure-volume relation has

--
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been extendecl, rind expressions for estimating the tic-
curacy of solutions have been developed.

For cases where the radial component of velocity
is not negligible, a better approximfition to the actual
flow is obtained by assumingthe flow ta take place along
the surfaces of revolution, as obtained from the axially
symmetric solution, and then determining the illow
between the blades along these surfaces of revolution,
Both the direct and inverse problem for subsonic flow
have been analyzed (Technical Note 9407).

A rapid but approximate blade-element-design
method (Technical hTote2408) for compressible or in-
compressible nonviscous flow in high-solidity stators
or rotors of axitil-, radia~-, or mixed-flow compressors
has been developed. The method is based on channel-
type flow between blade elements on a specified surface
of revolution that lies between the hub and shroud and
is concentric with the axis of the compressor. The
blacleelementis designed for prescribed velocities along
the blade-element profile.

The characteristic equations for the axially symmetric
flow in supersonic impellers have been developed and
used to investigate flows in several configurations in
order to ascertain the effect of variations of the bound-
ary conditions on the internal flow and work input
(Technical Note 2388).

A theoretical discussion of the application of blade
boundary-layer control to incrmse the efficiency and the
stage pressure ratio and to improve off-design perform-
ance of turbornachinesis given in Technical Note 2371,
Also presented is a method based on potential flow of a
compressible fluid for designing suction, or ejection
slotted, blades having a prescribed velocity distribu -
tion along the blade and in the slot.

The boundary-layer profiles on the casing of an axial-
flow comprwsor were measured behind the guide vanes
and behind the rotor. Using these measurements and
three-dimensional boundary-layer momentum-integral
equations which were developed (Technical Note 2310),
a qualitative consideration of boundary-layer behavior
on the walls of an axial-flow compressor was made.
This consideration shows that the important parame-
ters concerning the secondary flows in the boundary
layers are the turning of the flow and the product of
the curvature of the streamline outside the boundary
layer by the boundary-layer thickness.

Turbine Research

the result of compromising the turbine aerodynamic-s
with mechanical considerations to obtain reasonable

stresses. The turbine research is therefore being timed
at improving the turbine perfornvmce. Turbine cool-
ing is also commanding considerable attention as a
means of improving the compromise between the re-

quirements of str&.ss and aerodynamics. Turbine re-
search consists of theoretical turbine aerodynamics in
which the theories and tools developed for compressors

are readily applicable, caecade invest igation~ and

single-stage nnd multistage turbin~ resenrch.

In orcler to facilitate the determinatio~ of the best
desi~w compromises in the design of turbines, a method
was de-relopecl for the computtition nncl gruphical pres-

entation of a series of possible turbine desi~ls for nny

specific application. Design charts are ma& to aid in

the study .of the effects of turbine rndius ratio ancl di-
ameter on important design parameters such us Mach
number, turning angle, and blade root stress, The

methocl for constructing these chnrts is presented in
Technical Note 2402.

Non-twisted-type rotor blades are desirable where

internal passages in the blades nre required fur t ur-

bine cooling. An analytical evaluaLion has been made
of the nero~ynamic characteristics of turbines with non-

tw-isted rotor blades by comparison with the correspond-
ing characteristics of free-vortex turbines. The results

of this kvesti@ion, including working clmrts for aid
in designing non-twisted-rotor-blncle turbines, are pre-

sented in Technical Note 2365.

Turbine Cooling

The research program for the application of cooling
to gas turbines has two objectives. The first is the elim-
ination of critical metals from the turbine rotor of gus-
turbine engines so that alloy steels of higher strength
ancl lower critical material content can be used w~lle
extending the useful life of turbine blades. The second
objective is to provide the means of operating gas tur-
bines at higher gas temperatures to achieve the large
potential gains in thmst of the turbojet engin~ and the
increase in power and the lower specific fuel consump-
tion inherent in the turbine-propeller engine. Past
analyses and cascade investigations show that tho bhule-
temperature reduction required to permit substitution
of noncritical metals can be achieved with accept~ble
coolant flow.

Solutions for a system of ~eneralized equations for
The problems associated with the turbine component the lnrninarbounda~y layer vri-tiheat transf& have been

of the turbojet engine are similar to those of the com- deve~oped for the determination of 10CO1heat-transfer
preswr when good performance is required for appli- coefficients. Numerical solutions have been obtained
cation to transonic and supersonic a.iroraft. The prob- for low Mach numbers over a wide range of coolant flow,
lems in obtaining light, efficient, and dependable tur- temperatureratio, and pressuregradient with xllowance
bine components f or driving compressors are in general for fluid property variations. Solutions to the equa-
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tiona for the high Ifach number range are no-w being ef-

fected through the use of automatic computing nm-

chines (Tectical A’ote 9407).
.%ml.ytical methods for computing one-dimensional

spanwise or chordwiee temperature distributions in

liqui&cooled turbine blades or in eimpIifled shapes used
to approximate sections of liquid-cooled turbine bl&s

h:{ve been summarized (Technical Note 23S41).

B1ade Vibration and Flutter

An experimental spin rig was used to determine the

effect of root design on the damping of loosely mounted

blades. The conrentional ball-ttnd-dovetail roots -were
ahown to have the same characteristics in that tighten-

ing occurred at relatively low values of centrifugal
force, thus elimintiti~~ the advantag= of the loose fit.

The fir-tree and the hinge designs, ho-wever, had differ-

ent characteristics, the fir-tree tightening at the rela-

ti~ely high centrHuggal loadings and the hinge root re-

maining loose throu@out the speed range investigated.
Methods have been developed for computing the nat-

ural modes and frequencies of arbitrarily shaped
twisted cantilever beams. Use has been made of the
concept of station functions. b analysis is being made
by this method to compute the naturtd modes and fre-
quencies of a group of different compressor and turbine
blades. The computed values will be compared with
eqerimentd ~alues in order to evaluate the analytica~
method (Technical Note 9300).

ENGINE PERFOR71ANCE AND OPERATION

Performance and Operating Characteristics

The performance of turbojet, turbopropeller, and
ram-jet engges has been investigated over a ra~~e of
altitudes and flight Mach numbers. In addition to ob-
taining altitude performance characteristics, the ef-
fects of Reynolde number, burner blow-out limits, alti-
tude starting characteristics, and component perform-
ance were studied. As a result of these investigations

basic design changes were recommended -which result
in improved power plant performance for future en-
gines. Various principles of thrust augmentation have

been evaluated experimentally under a ~arie~ of
engine operating conditions.

& anal@ was made to obtain an expression for the

opt bum jet-pressure ratio for any turbine-propeller
engine. The results of this analysis, reported in Tech-
nical Note 9178: are presented in the form of charts
from which the jet-pressure ratio for the division of
power giving maximum tluw.ssmaybe obtained for en-
gines either with or without intercooling, rehea~ re-
generation, or any combination of these modifications.

halytical e-mluations of tierent methods of power
extraction from an axial-flow-type turbojet en=ginehave

been completed. These results ha~e been presented in
terms of generalized parameters that facilitate their ap-
plication to different engines. The data cover the
rangg of power extractions available from the engines
on a range conside~ ample for all auxiliary-power
requirements. The power-extraction methods are com- .—

presaor-outlet air bked, shaft-power extraction, tur-
bine-inlet or tail-pipe hot-gas bked, and the use of a
ttlil-pipe heat exchanger on a turbojet en=tie as an
auxiliary power (or energy} source. The W three
parts of this investigation are reported in Technical
Notes 2166, ZW2, and 2304.

Engine Controls

A variety of engine control loops hare been ewdu-
ated experimentally to determine effects of interaction
and stability on engine operation. Several theoretical
studies viere conducted to determine optimum control
arrangements for wmious engine types.

An analysis was made of the effect of independent
variations in the component ticiency characteristics,
flight conditions, and engine size on the time constant
and the turbine-irdet-temperature overshoot of a turbo-
jet engine mith a centrifugal compressor and a turbine
with choked stator. The dynamic factors viere ca~cu-
lated from the thermodynamic equations of engine- . —
component performance. This invest.igtition is re-
ported in Technical Note 2182.

The general form of transfer functions for a turbo-
jet engine with taiIpipe burning vias developed and the
rdations among the ~ariables in these functions wem
found from the transfer functions and from engine
thermodynamics (TecbnicaI Sob 2183). By means of
these relations, the dynamic characteristics of the en-
~ginecan be found from steady-state data and one tran-
sient relatiom

As reported in Technical Note 237S, a rational an-
alytic method for the design of automatic control sys-
tems was dereloped that starts from certain arlitrary
criterions on the transient behavior of the system and
derives those physically realizable characteristics of
the coMroIIers that satisfy the origina~ criterions.

Accurate lcnovdedge of the dynamic response char-
acteristic of turbine-propeller engines and the factors
that aflect these characteristics are of great importance
in the design of quick-acting: stable controls for this type
engine. h in~estigation of the dynamics of a turbine-
propeller engine was made at sea le~el (Technical Note
21S4) and in the altitude wind tunnel employing the
frequency-response technique for a range of altitudes. ..

Directhg research &ort toward the improvement
of the turbine-propeller engine requires an appreciation
of the relative importance of the various engine-com-
ponent characteristics. b analysis is b-o made to
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determine the influence of interdependent character-
istics, such as component size, e%iciency,and flow capac-
ity, on the performance of the turbine-propeller engine.
Results me evaluated on an airplane-performanm basis
so as to reveal the ultimate effects of the variables under
investigation.

Thrust Augmentation

A theoretical analysis of thrust augmentation of
turbine-propeller engines is in progress. Methods of
augmentation considered me tail-pipe burning, com-
pressor-inlet water injection, and a combination of
water-injection and tail-pipe burning. Augmented
performance with tail-pipe burning has been deter-
mined for high subsonic and for supersonic speeds.
Calculations are in progress on the augmented perform-
ance with water injection over a range of flight condi-
tions from take-off to transonic fllght at altitud~ and
on the performance at high speeds with a combination
of water injection and tail-pipe burning.

An annlysis is being conducted for the prediction of
the jet flows, pumping characteristics, and jet thrust
obtainable from conical ejectors in order to determine
the rules for the design of such ejectors for maximum
effectiveness. A one-dimensional analysis of conical-
air-ejector performance was made using an assumed
prewure gradient along the conical secondary shroud.

ENGINE MATERIALS RESEARCH

High Temperature Materials

As a part of the search for materials having physical
properties suitable for use at higher and higher oper-
ating temperature% considerable effort is being ex-
pended in trying to improve the physical properties of
the current materials. Factors which influence the high
temperature strength of alloys are melting practice,
forging, or casting procedures, and the heat treatments
selected. To gain a better understanding how heat
treatment affects the structures of alloys and the result-
ing physical properties, studiw have been conducted of
the fundamental factors which control the properties
of austenitic alloys having exceptionally high creep and
rupture strengths in the temperature range of 1,200° F.
and 1,500° F. Such a study has been completed on
Inconel X (Technical Note 2385). Correlations of the
mechanical properties with structural analyses were
made. It appeared from the study that aging resulted
in some improvement in rupture strength in the range
from 100-1,000 hours rupture time at 1,200° F. This
improvement was obtained apparently through increas-
ing the resistance to creep prior to fracture. This is
in contrast to results obtained with N-155 wherein the
improvement appeared to be through the formation of
a grain boundary phase.

As a part of the study of the conservation of strategic
materials for aircraft engines, efforts are being &l-
rected toward the evaluation of substitute mtiterialsof

-..

reduced alloy content. Among the materials studied -
for sheet applications is AISI 31OB (Technicnl Note
2162). One of the draw-backs of thk material has been
low ductility in the temperature range from 1,200° F. ““
to 1,400° F. The objective of this research was to de-
termine whether service at 1,700° F. to 1,800° F. would
cause increased brittleness at 1#00° F. to 1,400° F.
with resultant cracking during hertting and cooling.
Stress rupture testswere made in the 1,900° F. to 1,400°
F. range with a few tests at 1,700° F. and 1,800° F.
Among the variables considered were heat-to-heat re- —
producibility, the relative effects of nnneding, m-idhot
and cold working as initial treatments. It was found
that the elongation at 1,300° F. was increased by prior
heating from 1,700° F. to 2,000° F. In addition, it
was determined that the cold-rolled stock hwl the
lowest ductility.

Inmmuch as several of the important high-tempera-
.—

ture alloys utilize-both chromium and cobalt and be-
cause a number of the physical properties of an alloy
are controlled by diffusion processeswithin the alloy in
the solid state, an investigation was conducted to deter-
mine the diffusion coefficients of chromium in the
alpha cobalt-chromium solid solutions (Technical Note
2218). The method employed consisted of pressure-
welding cobalt and cobalt-chromium bars, annealing
these joined bars at constunt temperatures and deter-
mining the distribution of chromium through the diffu-
sion zones thus formed. It was found thnt the diffusion
coefficientsat 1,000° C., 1,150° C., 1,300° C., and 1,360°
C. were relatively constant. It was further found ihtit
chromium difiusivity from alpha cobalt-chromium al-
loys into cobalt is greater than chromium diffusivity
from liigh-chromiurn alpha alloys to low-chromium
alpha alloys for all concentration gradients studied.

Studies of the properties of molybdenum at high tem-
peratures have been continued. The effects of s-waging,
recrystallization, and ‘test-section” area on the strength
properties of sintered wrought molybdenum were deter-
mined at temperatures from 1,800° F. to 2,400° F.
(Technical Note 2319). The amount of svvagingon the
specific bar sizes investigated had little effect on the
tensile”strengths, but increasing amounts of swaging
progressively lowered the reorystdlization tempera-
ture. Increasing the test-section area of a specimenhad
a negligible effect on the tensile strength. Wrought
molybdenum had a 100-hour stress-rupture life of ap-
proximately 19,300fi300 p.s. i. at 1,800° F.

Studies of ceramic coatings for the protection of
ceramals and le~ strategic alloys from high ten~pera-
ture oxidation and corrosion have led to the develop-
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ment of a ceramic coating with a high chromium metaI
content. Evacuations of these coatings on a TiC base
ceranml htive demonstrated the ability of the coating
to protect against oxidation as viell as its ability to
vrithstwd small elongations and severe thermal shock
(Technical Notes %3S29and 2386). It -wasfound that iu
general the best protection was obtained in oxidation
tests at.the higher temperatures. Studies of the effects
of firing time, firing temperature, ancl the number of
coatings applied indicated thrd there is an optimum&
ing time anclfiring temperature. For the coathqg stud-
ied? t-woapplications pro~ed superior to one.

Studies of the effectiveness of ceramic coatings in
preventing high temperature corrosion by lead-bromide
vapors indicate that the ceramic coatings appeared to be
inert to the PbBrZ and successfully inhibited corro-
sion of the alloys studied for a 6-hour testperiod (Tech-
nical h~ote2380). The alloys S416, HS–21, Inconel,
l!MID~ and .AIS1 347 ‘were tested (a) in an uncoated
condition, (b) in a precm.idizedcondit.ion~and (c) in a
coated condition when exposed to the lead-bromide
fumes in an air atmosphere at ~350° F., 1,500° F., and
1,650° F.

As a part of the general program for the ewdua-
tion of cerwnaLs, investigations ha~e been completed
of the bonding of TiC with Al, Be: Cb, Au, Fe, Pb, Mg?
Mn, Pt, Ti, and Va (Technical Note S?18~). The test
procedure consisted of placing powdered metal in a cup-
shapecldepression formed in a hot-pm- TiC testbar,
inserting the specimen in a furnace at temperatures up
to 3,650° F. Studies -weremad~ of the sectioned speci-
mens to determine what kind of bonding, if any, took
place. Of the eIements studied+ only nickel, cobalt,
chromium? and silicon bonded ~th titanium carbide.
There was some indication of a limited solubiIity of
titanium carbide in nickel and cobalt.

A continuation of the study outlined above tvas con-
ducted, utilizing zirconium carbide and cohunbium to
determine the bonding mechaniem (Technical Note
2198). The results. indicated that the mechanism is
one in which cohunbinm atoms diffuse into the zirco-
nium-carbide lattic~ displace zirconium ato~ and
form zirconium metal and a completely soluble colum-
bium carbide. This results in a homogeneoussolid solu-
tion of the zirconium-carbide matrix and the columbium
carbide. The size and the distribution of the metal
phase -wascontrolkd by sintering time and temperature.
In general, the specimen with a fine dispersion of metal
had the highest strength.

Stresses Research

The failure of turbine and compressor blades due to
vibrations has led to an increased interest in the de-

2130K—5~

termination of the naturaI modes and frequencies. &-
suming a compressor or turbine blade acts as a canti-
lever beam, a method has been deveIoped for calculat-
ing the coupled modes (Report 1005). The method
is based on the concept of Station Functions and per-
mits the calculation of the modee and the frequencies
of nonuniform cantilever beams vibrating in tmsion$ -
bending, and coupled bending-torsion motion. Results
of the application of this method show that the effect
of coupling betvigm bending and torsion is to reduce
the first najmral frequency to a value below that which
it -wouldha~e if there were no coupling.

In the design of a turbine rotor it is desirable to
bow the detailed stnxs and strain distributions in the
strain-hardening range and the amount of increase in
load that can be sustained betvieen the onset of yielding
and failure. A simple method of solving the plane-
stress problems with axial symmetry, employing the
finite strain concept in the strain-hardening range, and
based on the deformation theory of Hencky and Nadai,
has been derived for the condition that the directions
and ratios of the principal stressesremain constant dur-
ing loading (Technical h’ote 2217). The results indi-
cated that the ratios of the principal stniss- remain
essentially constant during loading and, therefore, the
deformation theory is applicable to this type of prob-
lem. In general, it may be said that the deformation
that can be accepted by the member before failure de-
pends primarily on the masimum octahedral shear
strain of the material.

In the design of high-stressed machine parts, a kno-ivl-
edge of the stressand strain concentration due to a hole
and also of the distributions of stressw and strains in the
strain-hardening range is desirable. & a continuation
of the -work reported above, a linearized solution has
been obtained for the problem of plastic deformation of
n thin plate -witha cirmdar hole in the strain-hardening
range (Technical hrote2301). This solution is based on
the deformation theory of plasticity for finite strains.
The rewdts indicate that the data obtained by the line-
arized method compare closely with those obtained
without linearization. In addition, it was found that
the solution for an ideallj plastic material with the in-
finitesimal strain concept gives good approximate
dues of tiains but not of stresses.

A further study of the distribution of stresses and
strains in the strain-hardening range has led to a partly
linearized solution of the plastic deformation of a rotat-
ing disk considering finite strains (Technical Note
236’7). The results indicate that the variation of a pa-
rameter, which is determined from the octahedral shear
strees-strain curve of the material, can be l~ed as a gen-

—



26 REPORTNATIONALADVISORYCO1l.hlITTEEFOR AEROXAWTICS

era] criterion of the applicability of the deformation
theory. In addition, it appeared that the rotating
speed of a disk for a given maximum strain of the disk
can be determined directly from the true tensile stress-
strain curve of the material.

A continuation of the investigation reportecl in Re-
port 1005 has been completed to determine the effect of
twist on vibrations of cantilever beams (Technical Note
2300). It is shown that for a beam with a ratio of
bending stiffnws in the two principal directions equal
to 144, the effect of coupling due to twisting is to raise
the value of the first natural frequency by a very small
amount, to decrease steadily the second frequency, and
to lower the third frequency considerably.

A significant question to be considered in the specfi-
cation of chemical composition and mechanical and
thermal treatment of a rotor cliskis the compromise be-
tween ductility and tensile strength. An investigation
was conducted to detertine the strength-reducing ef-
fects of several types of “irregularities, various ductili-
ties, anclan optimum compromise bet-mm ductility and
the tensile strength in the presence of such defects
(Technical Note 2397}. The strength of disks contain-
ing irregularities increased with increasing tensile
strength independently of ductility at ductilities in ex-
cess of 14.9 percent elongation. The best compromise
lwtween ductility and tensile strength in rnateria~con-
taining shrink porosity occurred at &8 percent elong-
ation.

The application of X-ray diffraction techniques to
a study of stress analysis indicates that the back reflec-
tion techniques will yield a reasonable strain am”imacy
under favorable conditions Because the conventional
experimental methods reduce the precision in determin-
ing interatomic spacing and restrict the analysis to
thosa materials which yield a reasonably sharp diffrac-
tion pattern, a new technique and camera have been de-
vised (Technical Note 2224). A calibration of the
camera, using a gold powder standard having a reported
atomic spacing of O.91OO8A,yielded an accuracy of

atomic spacing of approximately A 4 x 10-5A. A com-
parison of the new technique with the results obtained
from the conventional equipment and techniques indi-
cated that a more precise and dettiiledanalysis of atomic
strain could be obtained.

ROCKET RESEARCH

The major problems of rocket research are to se~ect
fuel and oxidant combinations that give large thrust
per unit weight flow and volume flow and still have
properties that permit their handling and us% to
prevent failure of the engine from high temperatures
attained, to achieve efficient combustion in the sn-dlest
poesible unit, and to evaluats the optimum application
of rocket propulsion.

Rocket Propellants

Investigations of rocket-propellant performwwe are
usually.preceded by theoretical analy= of thtiperform-
ance of various fuel-oxidant combinations. These
analyses are used as a basis for selecting the propellants
worthy of experimental Evaluation. Conlpilation of
the thermodynamic functions to be used in these analy-
ses has been continued.

An analysis was made to show the relative importance
of specific impulse and propellant density on missileper-
formance. The analysis compares propellant combina-
tions having different specific impulses and densities by
determining the leastgross weight of a missile to accom-
plish a given mission.

Rocket Combustion

A basic study of the hydraulic characteristics of in-
jection systemswas started as an aid in estubfishing the
relation between injector method and combustion chm-
acteristim. Initial studies of two impinging jets of
water revealed that the spray disintegrates into groups
of drops which for the conditions existing in a rocket
correspond to frequencies observed in combustion fluc-
tuations, These results are reported in Technical Note
2349.

AIRCXAI?T CONSTRUCTION

The NACA is continuing its efforts to enlarge the
scope and the amount of its research on airframe con-
struction problems. The need for such an increase in
effort has been previously pointid out and the manner
in which it ie to be accomp~ishedis under study.
- Programs during the past year have included exten-
sive laboratory and flight research and the continued
collection of statistical data on gust loads encountered
in regular airline operation. All airframe construction
problems have been complicated by the increasing alti-
tude and speeds of flight and these two factors can be

.,

found at the root of most new structural design prob-
lems.

As in the past, a considerable amount of the NACA
rssearch on structural materials and structureswas per-
formed under contract at universities and other non-
profit scientific organizations.

In accordance with the policy of hohling technical
conferences with representatives of the rrilitary serv-
ices and the aircraft industry, a conference on aircraft
loads ancl structures wtis he]cl at the Limgley Labora-
tory in the spring of 1951.
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A cleecription of the Committee-s recent unckissitied type are more nearly plates than beams and can be
research on airframe construction is given in the follo-w- andyzed by plate theory. However, solutions to the
ing pages and is divided in four sections: Aircraft partial-differential equations of plate theory are not
loads, structures, vibration and flutter, and aircraft readily obtain@ especially for plates of arbitrary shape
st.ructuralmaterials. and loading. A method is presented in Technical Note

AIRCR4FI’ STRUCI’UR.ES 2.369for obtair@ ordinary differential equations to re-
place the partial-differential equations. This simpli-

Stress Distribution fied plate theory has been applied to spedc problems
invol~o static cleflectionj v~bration, &d bu&ing ofExperimental inw.stigations have shown that the Cantderer ~lates

stresses and distortions arising at the ming-fusdage .

juncture of swept viings are appreciably dif-erent from One proposed method for increasing the storage space

those occurring in straight wings. Some theoretical inside a wing is to replace the ribs tith u number of

work sho-wh+gthe E&ectsof s-weep-back on the defkc- vertical posts connecting the compression and tegsion

tion of box beams under bending and torsion loadings co-remof the wing box beam. A theoretical study of an –

had been published, but there was a need for an amdysis ideaIized post-box configuration had indicated that the

givirg the stresses at the triangular root section of a compression cover of a box beam couId be stabilized by

swept box beam. Accordingly, a method presented in posts with an attendant weight saving. In order to .1.

Twhnictd 2iiote2232 was developed for anal@ng the check the validity of the theory developed, a beam was

triangdar portion of the box beam and for &abli&ing tested and the results reported in Technical Note 2414.
The experimental buckling load vrasin good agreement .. .continuity bet-men this section and the carry-through

.wtio~ as well as the outboard portions of the box vvitb theory, but appreciable distortion of the beam

beam. The results obtained by this method were coru- cross section occurred before the buckling load was

pared -withpre-riousIy published test data. The agree- reached. It me concluded that a propsr combination

ment was found to be fair, with the principal discrep- of posts and ribs may make a design that wouId be —

ancy beii due to the fact that the method is breed on satisfactory with regard to both deformation and

a -rerysimple type of idedized structure which prevents strenggh.

the appearance of shear lag in the results. An exten- The skin on the upper surface of a wing is subjected

sion of the basic approach was therefore made in order to compression by the bending of the wing, and in most

that it might include the effects of shear lag. cases the addition of stiffening elements to the skin is

I&act solutions for the stresses and deformations in required to enable the compression load to be carried.

wings subjected to torsion we not easily obtaimed. Ore- Direct-reading design charts have been prepared for

gon State College has therefore developed an approxi- 75S-T6 ahminum aUoy flat compression panels having

mate method of solving for the angle of twist, longi- lorygitudinal extruded Z-section stiffeners. ~=e
tudinal stresses, and shear stresses in torsion boxes of

.-
charts, which are presented in Technical Ifote 2-EM,

rectangular? eIliptical and airfoil cross seotions. The co-rer a tide range of propositions and make possible
the &rect determination of panel dimensions requiredresults of these theoretical studies indicate trends for ._.

consideration in design. to carirya given intensity of loading with a giwn skin
For proper design of cut-outs that occur in st.ifiened- tfic~ws ~d eff~tive length of panel. They aIso make

shell structures, a detailed knovded=% of the redistri- possible the determination of the panel proportions hav-
bution of streesesaround the cut-outs is necessary. h ing minimum weight and meeting the desi=~ conditions.
approximate theory had been developed for the analysis A type of sandwich plate widely used in airplane con-
of stresses in torsion boxes containing large cut-outs struction consists of a corrugated metal sheet rheted
which is adequate for the design of au ~mponent~ of betmeentwo metal face sheets. In order to apply exist-
such structures except the cut=out cover. w ‘eo~ ~~ sandwich-plate theories to the analysis of the corru-
vias extended in Technical Note 2290 to permit a more
detailed calculation of the stresses in the cover. Nu-

gated-core sandwich plate, a Imovdedge of certain ekstic

merical resuh were compared with experimental data constants which describe the distortions of the sandwich

and also with the resuIts of a sohkion made by a more plate under simple loadings is required. Formulas for ._

elaborate numerical procedure. The agreement was evaluating these elastic conssants for the corrugatad-

found to be satisfactory m all cases except those tith core type of sandwich have therefore been deri-ied and

very large cut-outs and flexible bulkheaik pressnted in Technical Note 2289. Suggestions have
For analysis of thin solid wings of smalI aspect ratio, also been made as to the method of extending existing

such as might be used in supersonic airplanes and mis- sandwich-plate theory to make it strictly applicable to
sil~ beam theory is no longer adequate. Wings of this the unsymmetrical type of corrugated-core sandwich.



28 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAU’HCS

Pressurized cabins of high-altitude airpkmes present
many stress analysis problems unusual to the aircraft
field. Tlmw problems have been reviewed by Stanford
University and a report containing a summary of the
available iuf ormation on these problems has been
prepared.

The ultimate load-carrying capacity of stiffened-
shell structures which are subjected to combined loads
is a subjed on which little information is available, In
order to investigate one phase of this problem, a sefies
of five large stiffened circular cylinders was tested to
failure under various combinations of torsion and com-
prasion. An interaction curve for the strength of
stringers that fail by local crippling was determined,
and data were obtained on stringer stressesfor stiffened
cylinders under combined loads. The test results and
a method for estimating stiffener stressesare presented
in Technical Note 2188.

Stability

In 194’7 Shanley showed that it was possible for a
straight column in the plastic stress range to start to
bend at a load given by the Euler formula with the
tangent modulus of elasticity substituted for Young’s
modulus of elasticity. He also pointed out the exist-
ence of a maximum column load which was greater than
the tangent-modulus load. In order to determine the
amount by which the maximum load could exceed the
tangent-modulus buckling load, a study of column be-
havior in the phstic stres range was undertaken, the
results of which are reported in Technical hTote2267.
This study confirmed the existence of the tangent-modu-
lus buckling load, and showed by a rigorous load-de-
flection analysis the relation of the maximum load to
the stress-straincurve of the material.

A t.hin-wded fuse~age may buckle either by defor-
mation of the entire column (column buckling) or by
deflection of its component webs and flanges (local buck-
ling). Methods are available for the determination
of the buckling load for each mode of failure, and it
is common practice to aemunethat a column will fail
at the lower of the two loads in a mode corresponding
to this load. In reality, however, there is an interac-
tion of these two modes of buckling so that the actual
buckling load is smaller than that which is ordinarily
used. An investigation has therefore been conducted
by Cornell University for the purpose of determining
the interaction effect between column and local buck-
ling. The results of this study indicate that this effect
is negligible for box sections and for common sizes of I,
H, and channel sect.iousbut may be sig-nificmt for sec-
tions possessing torsional, instability, such as T and
angle shapes.

A method has been developed by the National Bureau
of Standiirds for computing the compressive load for
~ateral elastic instability of hat-section stringe~%and
is presented in Technical Note 2272. Applying the
method to a range of shapes and lengths of hat-section
stringers shows that such stringers are unlikely to fail
by lateral instability.

The use of swept wings and tail plan forms with ribs
placed parallel to the flight path results in sheet panels
that am-parallelogram-shaped. Few data exist on the
stability of such panels under the loadings that arise
due to wing and tail bending. Accordingly, in Tech-
nical Note 2392 charta have been prepared giving
theoretical compresive-buckling-stress coefficients for
continuous flat sheet divided by nondeflecting supports
into paridlelogram-shaped punels. Over a wide range
of panel aspect ratio, such panels are decidedly more
stable than equivalent rectangular panels of the same
area. -

‘l%ernd Effects

The determination of the structural effects of nonuni-
form temperature distributions, such as might be pro-
duced by aerodynamic heating, is rapidIy becoming a
problem of interest to aircraft designers because non-
uniform temperature distributions have important and
complex effects on the stresses and distortions of the
structure. The calculation of the stresses due to non-
uniform temperature distributions has been treated by
several investigators, since the problem has long been
of concern to po-iver-plant designers; however, methods

that would be directly applicable to the thermoplastic
analysis of aircraft structures are not yet available.
Two preliminary studies have therefore been completed

on this subject. The first, reported in Technical Note
224o, considers the two effects of temperature changes
on aircraft structures: The introduction of thermal

stresses and distortions as a result of restrained thermal
expansion, and the change in behavior of the structure
resulting from the variation of elastic properties of

matarials with temperature. These effects have been

illustrated by sample analyses of the stress and distcm-
tion distributions of simple box beams and by calcula-

tion of the stresses in a typical wing section, The ana-
lytical methods of. the first study provide a relatively

simple means of approximating the eflects of tempera-

ture changes; however, they often yield inaccurate val-
ues for the secondary stresses in complicated structures,
and in such cases some numerical approach is desirable.

The second study, reported in Technical IVote 2241, ex-
tends a previously published numerical method of stress

awlysis to include tie eflect.s of a nonuniform distribu-
tion of temperature. An illustrative analysis using this
method was made of a two-cell box beam under the
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combined action of vertical loads and a nonuniform
temperature distribution.

Syracuse University has conducted an experimental
investigation of the temperature and stress gradients
resulting from the application of heat to the skin of a
number of skin and spar cap combinations. The 75S-
T6 ahuninum alIoy specimens with a range of skin
thiclmesses were heated at various ratw ta provide a
better understanding of heat flow through high-speed
aircmft wings.

Fatigue

An investigation is being conducted on the fatiege
stren=ti of full-smde airplane structures. The re-
.mlts, to date, indicate a surprisingly small amount of
spread in the fatigue life e-ren though dl the fatigue
cracks do not origgte at the same point. IiMective
stress-concentration factors hare been computed and
compared -with results from tests of small laboratory
specimens. The importance of fatigue crack Iength on

crack growth is pointed out in these tests. In con-

nection -with this work the structural damping of a
typical airphme w@ has been determinecl. These
measurementswere carried out by the shock-excitation
metho~ with the resultant frequency of vibration being
that of the wing fundamental bendi~mfrequency. The
results are in a~eement with those of other experi-
menters -who have measured structuml damping of
smaller wing specimens. They indicate that the damp-
ing increases with amplitude of vibration.

AIRCRAFI’ LOADS

Steady Flight Loads

A simplitled Iifting-surface theory has been applied
to the problem of evaluating span loading due to flap
deflection for arbitrary wing planforms (Technical Note
997s) . A procedure was de-reloped from which the
effects of flap deflect-ionon span loading and associated
aerodp-unit c.haracteriaticscan easily be computed for
any -wingthat is symmetrical about.the root chord and
that has a straight quarter-chord line Gver the w@g
eemispan. The effects of compressibility and spanwise
variation of section lift-curve slope are taken into ac-
count b? the procedure. The load distribution and Iift

due to flap deflection were prepared in chart form for a
broad range of wing planforms for the case of straight

tapered wings and a comparison between experimental

values of flap effectiveness and ~alues obtained from

these charts show good agreement between theory and

experiment
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Maneuvering Loads

k airplanes increase in size and vieight, experi-
mental data must be obtained to evaluate current
maneuvering taiI-load design requirements and to t&st
in extrapolation to the huger airplanes. The need for
data arises from the variations in the response of the “.
airplane as size increases, and also because a pilot’s
mentaI attitude and his control actions will vary ac-
cording to the size and type of airplane. In view of
the gaps in existing data a joint project for fight test-
ing the Lockheed Constitution (design gros vieight
184,000 pounds) was conducted by the Navy Depart-
ment: Bureau of Aeronautics: and the N.-CA.

These tests, reported in Technical Note 2490, indi-
cated that the analytieal process of estimating the
maneuvering tail loads for a large airplane need be
little different from that for small airplanes. The
ffexiiiIity of the tail had a minor effect on the estimated
tail load and the resulting response of the airplane.
Because of the relatiYely SIO-Wresponse of the airplane,
the piIot was forced to anticipate the airplane rqonse
in applying control forces; for this reason the pilots
often unknowingly obtained undesirably high load f ac-

tors. The piIots -were unaware of the critical tail loads
arie@ from abrupt. restoration of the control to neu-
tral during a pti-up or sideslip. PiIota aIso expreesed
the opinion that.the roLIingpull-out maneuver felt aim- __
ilar to maneuvers required to reco-rer from disturb-
ances to flight in rough air.

Gust Loads

The dynamic behavior of an airplane -wing during
flight through rough air was in~estigated by fight tests

on a twin-engine transport airplane. ResuIts from

flights made in clear-air t.urbuIence were compared

with results from slow pull-ups made in smooth air
used as a “quasi-static reference condition (~echnical

Note 2424).

&an extension of previous investigations of the ef-

fect of sweep on gust loads, t&s -were made in the

Langley gust tunneI on a 60° swept-back-wing model
to determine the effect of a large angle of sweep on
gust loads. The results indicate that a simp~ed

method of snal-@s, using a slope of the Iift c_~e de-

rived by the cosine law and strip theory to estimate the

penetration effect is applicable to the prediction of guss
loa& on wings swept as much as 60°. These reeulta as

welI as a summary curve representing the reerdts of –—

investigations with wing models having from 45°

sweep-f orward to 60° sweep-back are presented in Tech-
nicaI NTote 9204.
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An instrumentto indicate atmospheric turbulence has
been constructed and subjected to laboratol~ rmd flight
tests. The design of the instrument was bused on pre-
vious hlings that the rapid fluctuations of the air
speed in ~mstyair constituted a measure of atmospheric
turbulence. The instrmnent consists essentially of a
vented air-speed diaphragm in a sealedcase with the Iag
characteristics of the vent chosen so that the diaphra=gn
responds to the rapid changes in dynamic pressure in
gusty air but remains insensitive to gradual changes re-
sulting from normal air-speed changes. The results of
flight and ]aborrdory tests indicate that the principle
of design was a practicable one, but further design re-
finementwould be necessary if the instrumentwere to ba
used in routine airplane operations.

The effect of atmospheric turbulence on the loads en-
countered by aircraft in operational flight has been
studied for sometime by analyzing records secured with
the NACA V–G (airspeed-acceleration ) recorder. The
instrument originally employed was troublesome to ad-
just and was limited in frequency response. An im-
proved recorder has been developed which employs a
viscous-damped accelerometer. Improved frequency
responseof the accelerometer has resulted and the nece+s-
sit,y for adjusting damping in the fielclhas been elimi-
nated. The motion of the air-speed element has been
made approximately linear with air speed; in addition,
the element has been temperature-compensatecl. The
new NACA oil-damped V-G recorder and its perform-
ance characteristics are described in Technical lSote
2194, and the results of tests which demonstrate im-
provements to the older desi=g tirepresented.

The NACA VGH recorder descrih”d in Technical
Note 2265 is a flight instrument designed to collect gust-
loads data on transport aircraft with the accuracy re-
quirecl for research purposes. Air speed, normal ac-
celeration, and akitude are recorded on photographic
paper as a function of time and in the usual applications
100 hours of continuous recording time is poesible. A
small acceleration-sensing unit used with the recorder
can be mounted independently of the recorder. Al-
though built principally for collecting statistical data
on gusts encountered in scheduled airline operations, the
instrument records data in a manner which permits
many studies pertaining to airplane operations which
have air speed, normal acceleration, and altitude as
parameters.

Landing Loads

With the advent of thin winga for high-speed flight,
the increased use of external stores, and the trend to-
ward airplanes of larger size, a lmowledge of the be-
havior of flexible wings during landing becomes in-
creasingly important. An investigation of a model

consisting of a hull in combination with a flexible wing
was made in the Langley impact basin, rmdthe data are
reported in Technical Note 2343. These data.substan-
tiated a theoretical method for considering the effect of
structural flexibility. on the applied hydrodynamic
force.

The development of retr@able lifting surfaces for
imparting favorable hydrodynamic behal’ior to stream-
lined hulls has shown a trend toward the use of com-
paratively flat surfaces which blend with the bottom
of a fuselage. Data on the impact loacls and energy
absorption of heavily loaded flat surfaces when landed
at various trims and flight-path angles are reported in
Technical Note 2330,

The validity of the reduced-mass method of repre-
senting wing-lift effects in free-fall drop tests of land-
ing gears has been investigated and the results are re-
po~ed in Technical Note 2400. The behavior of a en-d
hnding gear in the reduced-mass drop tests was com-
pared with results obtained in a drop test where wing
lift forces simulating airborne impact were mechani-
cally applied to the test specimen during impact, and
with results obtained in free-fall drop tests with full
weight. Values of landing-gear load factor and ratio
of shock-strut ener~gyto impact energy obtained from
reduced-mass drop tests were in fairly goocl agreement
with the results obtained from simulated airborne in~-
pacts. The values of impact period and shock-strut
effectiveness were generally lower in the reduced-mass
drop teststhan in the sirmdatedairborne impacts, while
strut stroke and mass travel were generally greutcr in
the reduced-maw drop tests than in the simulated air-
borne impacts. The free-fall drop testswith full weight
produced exce&ve values of load factor, impact period,
strut stroke, mass travel, and impact energy, but values
of strut effectiveness were in fairly good agreement
with those obtained in the simulated airborne impacts.

VIBRATION AND FLUTI’ER

Increased effort is being expended upon flutter studies
for transonic and supersonic speeds. Unusual configu-
rations are also being investigated in order to keep
pace with desia~ trends for these speeds.

Unsteady Lift Theories

Calculations have been made of the forces on aero-
dynamic bodies in unsteady motion based upon the
claasical equations governing acoustic clisturl.mnces.
These calculations have been greatly expedited by up-
plying t~chniques which were developed in recent in-
vestigations of steady atate supersonic theory. The “-
build-up of lift and pitching moments on slender, tri-
angular wings and -wing sections undergoing sinking
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and pitchirig motions were calculated for subsonic,
.mnic: and supersonic speeds. These results have been
reported in Technical Notes 2256, 2387, and 2403.
These transient responses protide the necessary in-
formation for the prediction of responses to osdatory
motions of arbitrary frequency and are therefore appli-
ctible to problems in airplane dynamics and flutter cal-
cnlatious.

Iterative Solution of FIutter

Existing methods of flutter analysis include the rep-
resenttitive-section methocl, generalized coordinate
methods? matrix methods? and operational methods.
V7ielandt has suggested an iterative transformation
procedure which is well suited to the flutter problem
and sindar characteristic--ralue problems. Because
both the original and the translated work of Wielandt
are difficult to follow? an explanation of the iterative-
transformation procedure is giwm in Technical Note
2346 and the application of the procedure to ordinary
natural vibration problems and to flexure-torsion flutter
problems is shown in numerical examples. It. appears
from this -workthat the method is of practical usef&
ness. Comparisons of computed resdts with experi-
mental results ancl with results obtained vrith other
methods of analysis hare akw been nmde.

Effect of Coupling Betw-een Modes

In an analysis of flutter invoking coupled vibrations,
questions arise concerning the accuracy of us~c un-
coupled modes or coupled mode% as the latter greatly
complicate the analysis. &I amdysis of the Raleigh
type basecl on coupled mochd functions, was made for
a wing with simulated engines, or tip tanks, represent-
ing a wing -with high mass coupling. The wing con-
sidered was uniform: unwept, ancl high a.speotratio,
and was mounted as a cantile~er. The resdts of this
analysis mere compared viith those of cmanalysis based
on uncoupled modes as -weI1as with experimental re-
sults. For the configurations studied, aameement.with
experimental data -was obtained for both methods .j?f
analysis; therefore, the more complicatcxT&ouphii-rq@@
anal-ysismaybe unnece=ary (Technical h“ote 2375f7”

Single Degree of Freedom FIutter

Beside the usual types of flutter in-rol~ing coupled
modes, the theoretical existence of a single-degree-of-
freedom flutter has been indicated and is of interest in
dynamic stability. Therefore it -wasdeemed advisable
to study the effects of some parameters aflecting this
single-degree-of-freedom oscilhttiom One such analyti-
cal study concerned the tiect of Mach number and
structural damping on single-degree-of-freedom pitch-
ing oscillations of a wing. Some experimental results
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-were compared with theory and good agreement was

found for certain ranges of an inertia parameter (Tech-

nical Note 2396).

Sound

PropelIer noise has been a problem even at subsonic
tip speeds; hence the proposed use of propellers operat-
ing at supersonic tip speeds has caused some concern
because of the em-erity of the associated noise problem.
Very little information is available which would allow
a prediction of noise leveIs. Therefore sound measure-
ments have been made for a two-blade propeIIer -witha
tip Mach number of 1.30. Sound spectrums mere ob-
tained at both subsonic and supersonic tip speeds, and
the measurecldata were compared with calculations by
the Gutin thecq.

AIRCRAFT’ STRUCX’UIL4L 31ATERL4LS

Fatigue of Metsls

The project on fati=~e cd BattelIe 31emoriaIInstitute
mentioned in previous annual reports has continued,
and significant prog= has been made in fuldIIing the
purpose of the program, which is to provide informa-
tion src6icient1ycomprehensive to permit its application
to design and to the estimation of fatigue damage. The
materials being ir.mestigatecl in this program are
24&T3 and 75S-T6 ahuninum alloys and EL&E4130
steel. I&ults previously reported on ccnnotchedspeci-
mens are contained in Technical Note 2394. Fatigue
data on notched specimens over a range of stress con-
centration factors of 1.5 to 5.o are the subject of several
other reports. Those on stress concentration factors of
~J) ~d .Q me ~ T~~cal ~~ote2399, and &ose on
stressconcentration factors of 5.0 are given in Technical
Note 9390. Data have ahcobeen obtained on specimens
having a stress concentration factor of 1.5. This range
of stressconcentrations is considered to be that of most
importance in aircraft from the fatigue ~ievrpoint.

In the investigation of the statistical nature of fa-
tigue at Carnegie Institute of Technolo.gy during the
p~~ear, the statistics of the fatigue fracture curves
and endurance Iimits were determined for S&El 1050
steel, annealed .bmco iron, and SAE 4340 steel in the
quenched and tempered and quenched and spheroidized
conditions. The effects of metallurgical factors such as
composition: heat treatment, and cleanliness on fatigue
beharior were shown by a statistical ardysis of the
experimental results. From this work it has been con-
cluded that inclusions play the dominant role in the
fatigge behavior of these materials. In addition, some
other aspects of the fati=me problem -were studied,
among which -werethe dependence of statistical varia-
tions in fatigue life on strws level in the fracture range,
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the statistic of the location of crack initiation, size

eflect, ancl understressing effects.
Axial fatigue &ta were conducted at the National

Burenu of Sttinclarcls on flat sheet specimens of bare ancl

alclad 24S-T3 aluminum alloy to detertine the effect

of frequency of loading ou the fatigue strengths of these
materials. The results of this inveetigation are con-

tained in Technical Note 2231 and show that the fatigue
strengths of the materials were slightly lees when tested

at 12 cycles per minute than when tested at 1,000 cycles

per minute.
Another aspect of the fatigue problem was investi-

gated at the Pennsylvania State College. The purpose

of this project was to determine the influence of biaxial

tensile stresseson the fatigue strength of 14S–T4 alumi-
num alloy when subjected to various ratios of biaxial
stresses. Thess biaxial fatigue stremes were produced
by applying simultaneously a pulsating internal pres-
sure and fluctuating axial tensile load to a thin-walled
tubular specimen. Fatigue etrengt.hs and S-N dia-
grams were obtained up to about 10,000,000 cycles for
four principal stress ratios. The test results do not
agree -withany particular theory of failure but are suf-
ficiently close to the maximum stress theory to permit
its use in design.

Plasticity

In the 1950 annual report reference was made to an
investigation at the Pennaylvania State College on the
plastic biaxial strea+strain relations. The results of
biaxial tensile stress tests on 75S-T6 material are pub-
lished in Technical Not.a2425, and the results of similar
tests on 14S-T4 aluminum alloy were obtained during
the past year. The main purpose of this investigation
was to determine the validity of the plasticity theotiee
and the correctness of the various assumptions made in
these theories. To accomplish this purpose and to sup-
plement the biaxial tensile test results the investigation
was extended to include tests in which specimens were
subjetted to biaxial tension and compression. In these
testsboth constant and variable streesratios were used.
Although the data obtained do not agree with any of
the current plasticity theories, it was found that the
biaxial yield strength conforms most closely with the
distortion energy theory.

For mathematical simplicity most plasticity theories
assume solids to be isotropic and plastically incom-
pressible. These assumptions& the value of Poisson’s
ratio in the plastic range at 0.5. Physical considera-
tions, however, make it apparent that the transition
from the elaetic to the plastic value of Poisson’s ratio is
gradual. An inveetigatiou of the variation in Poisson’s
ratio in the yield region of the stress-strain curve was
completed by New York University duri~o the past

year, It is in this region that the transition f mm the
elastic to the plastic value is most pronounced. This
transition was studied experimentally by a systematic
system of tests on 14S–T6, 24S-T4? ancl75S-T6 alunli-
mun alloys under simple tensileand compressive stresses
along three orthogonal axes. The data obtained on
Poisson’e ratio in the yield region aswell as values of the
plastic dilatation for stmin deviations up to 0.Gpercent
are given in Technical Note 2561.

Creep

In the design of structures required to oporat~ at ele-
vated tempemtures, kno-wleda~of the characteristics of
materials at thesetemperatures is eesentird. One of the
phenomena associated with elevated temperatures is
that of creep, the time-dependent clistortion of metals
under stress. It is felt that a better understanding of
creep phenomena will allow the more eficient use of
materials in design. The experimental dtittiavuiluble,
however, are in general not sufficiently detailed nor do
they cover a wide enough range in conditions to be effec-
tive for use in design, and although emeral theories have
been advanced to account for creep behavior, these
theories are not complete enough to be of much help. A
study of the fundamental mechanism of the creep of
metxdshas been initiat@ therefore, at the Batt& Me-
morial Institute. Before proceeding with the experi-
mental work, Battelle conducted a survey of the exist-
ing lmowledge in the field. This survey, released as
Technical Note 2516, treats the creep of both single-
crystal and polycrystalline metals. The modes of de-
formation in short-time, low-temperature tests are con-
sidered, as well as the varioue theories which purport to
explain the behavior of metals during creep. Battelle
is now obtaining experimental data on the creep of 2S
ahuninum alloy over a wide temperature range and
comparing these data with available theories. Should
the data conform with none of these,eflorte will be made
to develop an appropriate theory to try to account for
all the obserred phenomena.

Stress Corrosion

The Armour Research Foundation in its inveetigti-
tion of stresscorrosion has developed equipment which
will permit observation and recording of the relative
potentials of various regions near the surface of a me-
tallic specimen during corrosion. By means of this
equipment.it is possible to locate the anodic and cathodic
areas on a corroding surface nnd identify such areas
with the corresponding metallurgical feature. Tech-
nical Note 2523 presents a d=ription of this equip-
ment amd describes the techniques developed for the

interpret ation of the data obtained. The equipment
is now being USCC1to investigate the stress corrosion
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mechanism of a high-purity binary alloy, aluminum—
+@ercent copper.

Corrosion

The inrestigat ion of the corrosire properties of
metalsjointly sponsored by the NAC.1, Bureau of &eo-
nautice. and the Air Mat4riel Command has continued
at the National Bureau of Skmdards. The purpose of
this immstigation is to determine the rate of corrosion
of materiaIs used in aircraft when exposed to marine
atmosphere and tidewater. During the past year data
-wereobtained from exposure tests on galvanized steel
stitched-ahnirmrn aIIoys. These are reported in Teeh-
nical Note 9299. The effect of hot dimpIing on the
corrosion of ahuninum alloys 75S-T6 and alcIad
76S-T6 was ewduated and reeds were also obtained
from corrosion tests of magnesium alloy ZK60.

Hydrogen lhnbrittIement

A fundamental study was conducted at the BatteIIe
Memorial Institute on the mechanism by -whichhydro-
gen enters metals, particularly aircraft steels, causing
hydrogen embritt~ement during chemical or electro-
chemical action. Several know-nmethods of controlling
the inlet and exit of hydrogen in steel were correlated
with the known chemical beharior of atomic and moleo-
ular h@rogen. By means of this correlation it was
found possible to select suitable reagents which aig-
nificantly decreased h-j-drogen permeability and em-
brittlenlent of steel during cathodic pickIing operations
in dihlte suIfuric acid. The same data show that the
W&ion of hydrogen in steel and the freedom of exit
of h~drogen are important in determini~~ the extent
of embrittlement and tdso that these phenomena are
chemical in nature rather thnn mechanical.

.Adhesi\-es

In the manufacture of aircraft the bonding of sand-
wich panels. consisting of aluminum aIIo.yebonded to
various core materiaIsYand the bonding of ahnninum
to itself by means of adhesives offers several important
admmtages over other methods of faeteni~u: and there
is comGiderableinterest at the present time in such proc-
esses. There is a need. however: for an adhesive ade-
quate for use at.elevated temperatures. ‘Ilk led to the
inveeti~~tion at Forest Products Laboratory on the ef-
fects of temperature on the bond strength of joints fab-
ricated with adhesives. The evaluation of the perform-
ance of commercially available metal bonding adhesives
in the temperature range of —70° to 600° F. has been
completecl. The e~aluation of the relative merits of the
mmeri~ilsis based upon the data obtained from tensile

tests of joints both .mhen tested immediately upon
reaching the test temperature and after sereral days’
exposure at the test temperature.

PIastics

The investigation of the 10S of strength of plastic
glazing as a result of craz~~ has continued at the Na-
tional Bureau of Standards. Since plastic glazing is
used in the windows and canopies of airphmes, this
property is of coneiderable interest to the aircraft in-
dustry. The meager information on the subject was
wqanded during the past year by two reports from the
Natiomd Bureau of Standarda. In one of these, Tech-
nical hTote2444, the loss in strength of several grades
of Pc@nethyl methacrylate due to stress solvent craz-
ing is discussed. In this i.mestigation tensile speci-
mens were artificially crazed by applying benzene to —.
the central portion of the specimen while it was under
stress. Among the factors studied were the sheet-to-
eheet variability of crazing specimens and the relative
effect of a few large crazing cracks compared with more
numerous finer cracks. Applying benzene to the speci-
mens caused a less of strength of approximately 30 .
percent in all of the materials.

An investigation was completed at the NationaI Bu-
reau of Standards on the strength of hext-reeietant
laminates up to 375° c. The flesural properties of
samples of glaas fabric huninates such as are uss in
radomes were determined for several loading cycles at

elevated temperatures. The laminates teated were
bonded tith various resh=, including unsaturated-

pol@er, acrylic, ficone, phenoIic, and mehiro.ine

types. Tests of a ticone resin laminate showed it to be

superior to tlm other laminates in retention of ffexu.ral
properties at temperatures of ‘250° ~. or higher (Tech-

nic~ Note 2266). At temperatures of 300° to 325” C.
this laminate retained at least 60 percent of its initiaI
ffexural strength and oyer 50 percent of its initial
moihdus of elasscity.

MaterisIs Evacuation

The light weigh$ high-strength, corrosion-resistant,
and favorable elevated-temperature properties of titan-
ium ha~e aroused interest in the poseibiIity of using
this material for aircraft- structural applications. In
order to indicate the potentialities of this material? an
ev-duation of titanium including comparisons with se$-
eral other aircraft materials has been made for typical
structural applications. The procedure developed for
this purpose protidea a general method for determining
the structu.nd eficiency of a material for a particular
structural application (Technical h’ote 2269);
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OPERAT~G PROBLEMS
Investigations have been continued of the n~eteorolog-

ical conditions adverse to the performance and safety
of flight, means of accurately measuring air speed and
static pressure at transonic and supersonic speeds, prin-
ciples of design of aircraft systs-ns for coping with
natural icing conditions, and methods of improving
aircraft safety. Research on atmospheric turbulence,
aircraft ditching, and air speed measurementhave been
conducted by the Langley Aeronautical Laboratory,
while studies of natural icing conditions, aircraft ice-
protection systems, and aircraft crash ties have been
conducted by the Lewis Flight Propulsion Laboratory.
The Ames Aeronautical Laboratory has also done lim-
ited work in the field of aircraft icing. The work of
the NACA laboratories has been supplemented by re-
search conducted by several nniversitiee under con-
tract to the NACA.

The practice of holding technical conferences with
industry and mifitary representatives was extanded to
the field of operating problems. A conference on some
problems of aircraft operation was held at the Lewis
Flight Propulsion Laboratory in the fall of 1950. The
Committee on Operating Problems is responsible for
the guidance of the operating problems research pro-
gram. It is aided in specialized aspects of this pro-
gram by its subcommittees, the Subcommittee on
Meteorological Problems, the Subcommittee on Icing
Problems, and the Subcommittee on Aircraft Fire
Prevention.

AIRCRAFI’ OPERATION

Air Speed and Altitude Measurement

A systematic investigation of the static-pressure
errors ahead of wings and fuselage noses of two low-
wing airplanes was conducted in flight (Technical Note
2311). The variation of the etatic-pressue error with
position of the static-pressure tube, located at several
points from 0.25 to 2.0 chord lengths ahead of the wing
tip and 0.5 to 1.5 fuselage diameters ahead of the nose,
was determined over a speed range from the stall up
to a maximum of 265 miles per hour. At low lift co-
efficients?the error decreased with increasing lengths
ahead of the wing or fuselage, with variation in error
over the lift-coefEcient range being approximately the
same for the 1~2-diameter fuselage-nose installation
and the 1-chord wing-tip installation.

For present-day high-performance airplanes having
the capabilities of marmvering to high angles of attack
at supersonic speeds, the need has developed for rigid
air-speed tubes which will measure total and static
pressurescorrectly under thtweconditions. As a means
of determining the optimum design of total-pressure

tubes, a series of wind-tunnel tests has been conducted
to determine the etTectof inclination of the air stream
on various types of total-pressure tubes over a wide
range of angle of attack through th~ subsonic and
supersonic speed ranges. Preliminary testson 39 tubes
at subsonic speeds are reported in Technical Note 2381.
Subsequent tests of 20 of these tubes at supersonic
speeds nre reported in Technical Note 226L The re-
sults of the tests showed that the tube -which remained
insensitive o~er the greatest range of angle of attack, =
both at subsonic and supersonic speeds, was a shielded
total-pressure tube dasi=~ectfor end mounting on a hori-
zontal boom. The range of angle of attack over which
this tube remained insensitive (to within 1 percent of
the impact pressure) was &41.5° at subsonic speeds and
&37° at supersonic speeds. From the results of the
testsof the other tubes, the effects of such desi=mfnctors
as external shape, internal shape, and configuration
of total-pressure entry were evaluated, and the effect
of Mach number on the performance of the various
tubes was determined. Studies were also conducted of
effects of position and airphme coniigurrttion on the
measurement of air speed and Mach number in the
transonic speed range. The applicability of using
pressures on a cone as a measure of angle of attack at
tramonic speeds was also investigated.

Ditching

The investigation of the ditching characteristics of
civil transport-type aircraft was completed with the
studies of the behavior of the Convair-Liner. The rec-
ommended ditching procedures follow those for other
transport types, touchdown being made at fwirly high
angle of attack with flaps clown and landing gear up.
The behavior de.pendeupon the manner in which the
flaps fail, the maximum deceleration being somewhat
greater if the.flaps rotnte to neutral rather than being
carried away.

AERONAUTICAL METEOROLOGY

Prediction of Low.Level CIear-Air Turbulence

Preliminary investigation of the meteorological vari-
ables associated with turbulence in clear air within the
earth’s friction layer led to the development of a simple
empirical relation for estimating the intensity of the
turbulence. The correlation of the observed gust ex-
perience of an airplane -with various combinations of
meteorological variables showed that a simple product
form of the intensity of solar radiation and the average
wind shear layer below the first discontinuity in tenl-
perature hpse rate gave very good results for condi-
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tions similar to those of the tests. This rehition ac-
counts for seasonal variations in turbulence intensity
but, because of its simplicity, cannot discriminate be-
tween differences in turbulence intensity resulting fiorn
variations in flight altitude or diurnal ~ariations in
turbulence. The relationship has been established only
for the limited conditions of terrain and meteorological
situations during the fights in the vicinity of Wilming-
ton, Ohio. Sign.Meant differences in these conditions
will alter the rehitive importance of the meteorological
variables considered.

Radar Detection of Thunderstorm Turbulence

Evaluation of the usesof airborne radar for detection
of turbuknt areas in thunderstorms tvttsconducted by
the Kaw with the assistanceof the Langley Laboratory
staff. The presentation of areas of light rainfall and
heavy rainfall on the radar PPI scope allowed pre-
liminary correlation of the gust experience of an air-
plane with the indicated rainfall gradient. The Iimited
results so far obtained indicated that possibilities of
reducing the number and severity of the gusts likely
to be encountered in a thunderstorm -weregood if the
areas of high rainfaII rate gradient were avoided.

Suxface Wind Instruments

A wind-tunnel calibration of instruments for deter-
mining wind -relocity and direction -wasconducted for
the Signal Cimps, United States Army. A threecup
anemometer was calibrated for measuring wind veloci-
ties up to 200 miks per hour. Tvio pressure-type com-
bined wind-velocity and wind-direction indicato~~ were
alas tested. One with four equally spaced orifices on
the perimeter of a circular dkk was tested up to 100
miles per hour, and another consist@ of a pitot-static
head mounted on a pivoted -weathervane was tested up
to 250 miles per hour.

AIRCRAFT ICING

Research is continuing at the Lewis FIight Propul-
sion Laboratory and the &nes Aeronautical Labora-
tory in an effort to estabkh the meteorcdogica.1condi-
tions that make up the ici~u cloud so that ~his kriowl-
edge may be appIied toward the efficient design of air-
craft ice-protection systems.

Cb.racteristics of the Icing Cloud

The meteorological aspects of the icing cloud are be-

ing studied extensively in fight and laboratory inwstl-

gations to determine what values of meteorological fac-

~ors exist in the atmosphere and how these data can
best be utilizecl to desi~ efficient types of ice-protec-

tion systems for the various aircraft components. Ten-
tative recommended values of meteorcdogical factors
to be considered in the design of aircraft ice-protection
systems previously published (Technical h’ote 1855)
have been supplemented with data collected by the
hTACA and other agencies during the 194-849 and
1949-50 winter seasons and have been analyzed to pre-
sent a method for the selection of desibgncriteria, The -
data are summarized to give frequency of occurrence of —
icimg conditions according to liquid-water content and _.
drop size and further to indicate that statistical rela-
tions do exist between liquid-water content, mean ef -
fecti~e droplet diameter, temperature, and pressure alti- ___
tudes. A considerable amount of additional data is
needed before a purely statistictd amdysis can be at-
tempted; home~er, this accomplishment can be made
possible only if the ei70rts to design suitable meteor-
ological instruments are succeesfcd.

The Lewis Laboratory has de-relopedand reported-on
a reliable pre~-type icing-rate meter that wiIl aut~
maticalIy record icing rate, airspee~ altitude, and time
in supercooled clouds. Evaluation testson research and
commercial aircraft indicate that the use of this instru-
ment to collect a large amount of data for a statistical
anaIysis is practical. The operation of the instrument
is based on the creation of a differential pressure be-
tween an ice-free total-pressure system and a tobal-
pressure system in which small total-pressure holes
vented to static pressure are allowed to phg with ice
accretion. At a &cd value of ice accretion, the differ-
ential pressure operates an ekctrical heater that d~-ices
the totaI-pressure holes. The resulting cyclic process
-iaries with the intensity of the icing and serw.s as a
measure of the icing rate. The simplicity of this oper-
ating principle permits automatic operation upon en-
countering m icing condition and relative freedom from
maintenance and operating problems. The complete
unit -weighsonly 18 pounds. Visual indications of the
icing intensity are made available to the piIot by pe-
riodic flashing of a light on the instrument panel.

bother instrument pre~ionsly developed as a cloud
detector has been further investigated to provide a sim-
ple means for measuring liquid-water content in above- __
and below-freezing clouds. The instrument consists of
a small cylindrical element so operated at high surface
temperatures that the imp@pment of cloud droplets
creates a significant drop in surface temperature. Pre-
liminary calibrations of this instrument have indicated
that improvements are expected to make it a reliable
instrument for recording the important meteorological
factor of Iiquid-water content.

Liquid-water content, droplet size, and temperature
data measured in predominantly stratiform clouds dur-
ing the last two ic~~ seasons have been presented in
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Technical Note2306. Theaverage liquid--iwdercontent
of a cloud layer, as measured by the multicylinder tech-
nique, seldom exceeded two-thirds of that vvhlch could
be released by adiabatic lifting. The horizontal and
vertical extent of icing conditions and the relation of
the existenceof supercooled clouds to cyclonic areas and
precipitation regions are indicateclo

The Lewis Laboratory is continuing to make progress
toward understanding of the fundamental processes in-
volved in the formation of the icing cloud and in metho-
ds for its prediction. Part of this study has been a
continuation of the investigation of spontaneous freez-
ing temperatures of supercooled water droplets of the
size found in the atmosphere. A statistical explanation
of the previously reported investigation of spontaneous
freezing temperature of water droplets (Technical
Note 2142) has been published in Technical Note 2234.
The statistical theory is based on the presence of an
assumed crystallization nuclei distribution suspended
in the water and results indicate that small droplets
may be supercooled to lower temperaturesthan the large
droplets, The probable distribution curves of spon-
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taneous freezing temperatures for water droplets of

various sizes are given and compared with the experi-
mental results.

Propeller Ice Protection

The Ames Laboratory has completed antilytical and
experimental investigations of the effect of ice forma-
tion on propeller performance (Tschnicul Note 2212).
The experimental measurements were made during
flight in natural icing conditions, wherein the analysis
consisted of tininvestigation of changes in blade section —.
aerodynamic characteristic caused by ice formation
and the resulting propeller efficiency chtmges. The re-
sults indicated that efllciency losses can generally be
expected to be lessthan 10 percent with maximum hsses
as high as 20 percent to be expected only rarely. The
effects of ice accretion on airfoil section chnructeristics
at subcritical speeds, the effect of kinetic heating on the
radial extent of ice formation, and the influence of the
efficiency 10s on the pilot’s adjustment of engine find
propeller controls are also discussed.

RESEARCHPUBLICATIONS
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for Incompressible Flow with an Applk?at ion to the
Calculation of the Separation Point of Turbulent Lhmnd-
ary Layers. By Neal l’etervin and Chia Ciliao Liu.

2159. On the Particular Integrals of the Praudtl-Busemann
Iteration Kquatlons for the Fimv of n Compressible
Fluid. By Carl Kapian.

2160. Measurements of Section Characteristics of n 450 Swe!Jt
Wing Spanning a Rectangular Low-Speed Wind Tunnel
as Affected by the Tunnel Wails. By Robert E. Dannen-
berg.

2161. TabLes of l’herrnodymmlc Fnnct ions for Analysis of Air-

2162.

2163.

2164.

2165.

2166.

2167.

2168.

2169.

2170.

2171,

craft-Propulsion Systems. By Veari N. Hull! and San-
ford Gordon.

Invest Igat ion of Propert lea of AISI-Type 31OBA11oYSheet
at High Temperatures. BY E. E. Reynoida, J. W. i?ree-
man, and A, E. White.

CriticaI Stress of Plate Columns. BY John C. Houbolt and
Eibridge Z. Stowell.

Axial-kfomentum Theory fw’ Propellers ln Compressible
Flow. By Arthur W. Vogeley.

Method of AnaUw!s for Compressible INOWthrough Mixed
Fiow Centrifugal Impeliers of Arbitrary Design. By
Joseph T. Hamrick, Ambrose Ginsburg, and Walter M.
Osborn.

iMfect of Heat and Power Extraction on Turbojet-Engine
Performance. II—Effect of Compressor-Outiet Air
Bleed for Specific Modes of Engine Operation. By I{’rank
E. Rom and StanIey L. Koutz.

Sonic-E’low-Orifice Temperature Probe for High-12as-Tem-
peratureMeasurements. By Perry L. Biackshear, Jr.

Experimental Investigation of the Effect of Verticai-Taii
Size and Length and of Fuselage Shape and. Length on
the Stdic Laterai Stabiiity Characteristics of a Model
with 45° %veptback Wing and Tall Surfaces. BY M. if.
Quei.loandW’alterD. lvolhart.

~ind-TunnelInvestigationat Low Speedof a 4ti0swePt-
back UntaDeredSemisPanWing of AspectRatio 1.59
Equippedwith Vm~ous2&Percent-ChordF1ah Flaps.
By HaroldS. JohnsonandJohnR. Hagermrtn.

Effectof InitialMixtureTenweratureon Flame Speeds
and Blow-Off Limits of Propane-Air FIrimes. By Gor-
don L. Dugger.

Investigation of a Two-Step Nozzle in the Langley 11-
Inch Hypersonic TunneL By Oharlea H. McLelian,
Thomas W. Williams, and Mitchei H. Bertram.
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No.
2172. Lw,v-Speed Investigation of the Stalling of a Thfn, Faired,

DoubIe-Wedge Ahfoll with Nose FLap. By Leonard W
Rose and JCI~ ~ ~~.

2173. Density F1eIds around a Sphere at Mach >“umbers 1.30
and 1.02. By PauI B. Goodermn and George P. We-d

~IT-I. ComPmISon of me ~rhnentaI Pressure Distribution
cm an NACA 0012 Proiile at High Speeds with that
CakmIated by the Relaxation Method. By James L.
ArMck.

!iI?if. Effect of an Unssept Wing on the Contribution of Un-
svrept-TaiI Contlgurationa to the Low-Speed Statfc-
and RoIIing-Stability Derivatives of a bIldwing Air-
pIane Model. By Willfam Letko and Donald R. RIIey.

2170. An Analysis of the A-ormal Accelerations and Airspeeds
of a Fow.Eu@ne Airplane T~ in Po#xvar Commer-
ckd Transport Operations orI Trans-PacU3c and Carib-
bean-South American Routes. By Thomas L. CoIeman
and PmI W. J. Schumacher.

2177. Low-Speed Characteristics of Fonr CambereQ l&Percent-
Thlck NACA Atrfoil Sections. By George B. 31c+%I-
Iough and VWIiam M. Hatre.

217.S. Method for Determining Optimmn DPrislon of Power be-
tween Jet and Propeller for M.admum Thrw=t Power of
a Turbine-PropelIer Engine. By Arthur M. Trout and
E1don W. HaIl.

2179. Turning-Angle Design Rules for Constant Thickness Cir-
ctdar-Are InIet Guide Vanes in Axtal Anrndar FIovr.
By Seymour LiebIein.

21S9. Effectiveness of 3101ybdenum DIsmlfide as a Fretting-Cor-
rosion Inhibitor. By Douglas Godfrey and Edmond E.
BIsson.

2ML The Aerodynamic Forces and Moments on a 1,/10-Scale
31cdel of a Ffghter Airplane in Sp!nning Attitudes as
Measured on a Rotary BaIance In the Langley .%Foot
Frea-Spinning TunneL By RaIph TV.Ston~ Jr., Sanger
M. Burk, Jr., and WilI1am Blhrle, Jr.

23S2. AnaIysls of Effect of Variations in Primsr~ ‘FartabIes on
Time Constant and Turbine-Inlet-Temperature Over-
shoot of Turbojet Engine. By Marcus F. Heidmann.

21S3. Analysis for ControI Application of Dynamic Character-
istics of Turbojet EIngine with Tail-Pipe Burnfng. By
IJelvln S. E’eder and Richard Hood.

21S4. Investigation of L?requency-Response CharacterfsH@ of
Engine Speed for a T-@cal ‘l?urbim+prope]ler Engine.
By Burt IL Taylor III, and Frank L. Oppenheimer.

21.S5. Analytical Determinate on of CoupIed Bending-Torsion Vi-
brations of C%ntfle~er Beams by Means of Station
Functions. By Alexander iUendelson and Selwyn
GendIer.

21S0. Method for Determining Pressure Drop of Air Flowing
through Constant-Area Passages for Arbitra~ Heat-
Input Distributions. @ Benjamin PInke~ Robert N.
h-oyea, and Michael F. ValerIno.

21S7. Bonding Investigations of Titanium Carbide with Various
EIements. By Waiter J. Eu.gel.

21SS. Experimental Irriestfgatlon of StWened CMcuIar Cylinders
Subjected to Combhed Torsion and Compre&=ion. By
James P. Peterson.

21s3. The Development and Performance of Two Small Tunnels
Capable of Intermittent Operation at Mach Numbers
between 0.4 and 4.0. By Walter F. LWisey and WilNam
L. Chew.

2100. The Use of an ~ncalibrsted Cone for Determination of
Flow AngIes and Mach Mrnbers at S@ersonIc Speeds.
By 310rton Cooper and Robert A. Webster.

No.
Z191. TheoreffcaI Investigation and Application of Tranaonic

SimMmity Law for Two-DbnensIonal FIo’iv. By W.
l?erI and 31fIton XL Klein.

21922 A Surrey of the Flow at the PIane of the PrOpelIer of a
Twin-Engine Airplane. By John C. Roberts and Paul
F. Yaggy.

2193. Effect of Heat-CapacityLag on a Yariety of Turbine-
NozzleFLoviprocesses. By RobertB. spooner.

2194 me N~CAOn-DampedV-G Recorder. By Mel Taback
!H95.A FlightInvestigationandAnal@a of thehter~-OSCll- ._._

lation Characteristicsof an Airplane. By CarI J. . _.
Stough and William M. KamTman.

2190. Ef@ct of Heat-CapacityLagon theFlowthroughObl@e
ShocklYrtw?s-Br E Reeselr~ andCharlesW. Cline.

219T.PressureD1strlbutionand DampingIn stead!ipitch at
SupersonicMachNumbersof mat Swe@-Back~ings
HayingA1lEdgesSubsotdc.BYHaroldJ. l~alkerati
llam B. Ballantine.

219%Slnterlng31echanismbetweenZirconiumCarbide and
Columbium BYH.J. Hamjlrinand~. G.IMraan.

2109.~tid-Tunnel Investigationat Low Speedof the Lateral
tintrd Characteristicsof an unswept~ntaperedSemi-
span wing of &~p@ Ratio 3.13Equ[ppedwith Yari-
ous 2&Percent<~ordPlain ~erons. BY Harold S.
JohnsontincIJohnR. Hagerman.

2_X0.A StUG of Secon&OrderSup+rsonlc-FlowTlwm~. BY
ltilton D. VanDFke.

2201.llessurementof the 3fomentsof Inertiaof an Airplane
by a SimplifiedMethod. By HowardL. Turner.

22~. Effectof HeatandPowerlilxtractlonon Turbojet-Engine
Performance. 111-&E@tfcal Determinationof Ef-
fectsof Shaft-PowerExtraction. By StanleyL. ~outzf
ReeceV. Hensley,andFrankE. Rem.

-22. Boundary-LaYerMmsurementaLn3.= by I&hch Super-
sonicChanneL By PauI F. Britdch.

2204. Gust-Tunnel Inm?stigatton of a Wing Model with Semi-
chord Line Swept Back OOO. By HaroId B. Pierce.

-22. Theoretical Supersonic Characteristics of Inboard Trall-
lng-Edge FIaps Having hbitrary Sweep and Taper.
31ach Lines behind FIap Leadfng and TraU.ing Edges.
By JnEan H. Kainer and Jack E. Marte.

220s. GraPMcal Methti for Obtakdng FIOW FhXld in TWO-
Dhnensfonal Snpersordc Stream to WMch Heat 1sAdded.
BF I. Imlng PhkeI and John S. Seratlni.

2207. Analmds of TnrbuIent Ehw+C!onwction Bonndary Layer
on Fiat Plate. By E. R. G. 13Wert and Thomas W.
Jackson.

222S. AnaI@s of Shear Strength of Honeycomb Corea for Sand-
wich Constructions. By Fred IYerfen and Oharles B.
Norris.

2209. Free Oscillations of an Atmosphere in VThIch Tempera-
ture Increases LinearIy with Hefght. By 0. L Pekeris.

2210. Impact-Pressure Interpretation in a Rarefied Gas at Super-
sonic Speeds. By E. D. Kane and G. J. MaaLach.

2211. An Approximate Method of Calculating l?ressures in the
Tlp Regfon of a RecUmgular Wing of CLrcuIar-Arc
Section at Supersotdc Speeds. By EL R. Csarnecki and
James X. 3fnelIer.

22L2. The Effect of Ice Formations on PropelIer Performance.
By Carr B. Nee~ Jr., and Loren G. Bright.

2213. Aerod.mamfc Co@icients for an Oscillating AirfolI with
Hinged Flap, with Tables for a Mach Number of 0.7.
By M. J. Turner and S. Rabinowitz.
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No.
2214. Formulas and Tables of Coe8idents for Numerical Dif-

ferentiation with Function Values Given at Unequally
Spaced Polnta and Ap@caffon to solution of Partlal
DitTerential Equations. By Chung-Hua Wu.

2215. Compressibility C+mrectlon for Turrdng Angles of Axial-
Flow Inlet Guide Vanes. By Seymour Lbldeln and
Donald M. Stmdercock.

2216. Investigation of 76-Millimeter-Bore Cylindrical Roller
Bearings at High Speeds. H-Lubrl@tlon Studi*
Effect of Ofl-Irdet Lucation, Angle, and Velodty for
Single-Jet Lnbrlcation. By E. Fred Macks and Zolton
N. Nemeth.

2217. Analysis of PlaneStrw Problems with Axial Symmetry
in Strain-Haxdening Range. By M. H. Lee Wu.

2218, Diffusionof Chromiumin a Cobalt-OhromlumSolidSolu-
tlons. By John W. Weetan.

Z216.TheDynamicLateralControlCharacterlstlcsof Airplane
ModelsHavingUnsweptWlngewithRound-andSharp-
Leading-EdgeSectiom, By James L. Haseell and
CharlesV. Bennett.

2220.A Balsa-Dustl?echnlquefor Air-FlowVisuaWatlonand
Its ADplkationto Flow throughModelHeltcoNerRo-
torsin StaticThrust. By MarIonK. Taylor.

2221.Ecmat~onsandChartafor theRapidEstimationof HinKe-
htomentandEffectivenessParametersfor Traillng-Edge
ControlsHaving Leadingand TrailingEd@e Swept
Atwadof theMachLines. By Kennit~L. Goin.

2222,A ?4ethodfor the Determinationof the SPanwiseLoad
D1strlbutlonof a Flexible Swept Wing at Subsonic
Speeds. By Richard B. Skoog and Harvey H, Brown.

2223. Investigation of the Flow through a Single-Stage Two-
Dlmensional Nozzle in the Langley n-Inch Hypersonic
Tunnel. By CharIes H. McLellan, Thomas W. Williams,
and Ivan E. Beckwith.

2224. Multiple-Film Back-Reflection Camera for Atamlc Strain
Studies. By Anthony B. Marmo.

2225. Bending and Buckling of Rectangular Sandwich Plates.
By N. J. Hoff.

2226. Theoretical Analysls of Osclllatlons in Hovering of Heli-
copter Blades with Inclined and Offset ~aPPIW ~d
Laggtng Hinge ~es. By M. Morduchow and l’. G.
Hinchey.

2227. Relation between Intlsmmables and Ignition Som!ces in
Aircraft Environments. By Wilfred E. SCU1l.

2228. EtTects of ModitlcationE to the Leading-liklge Region on
the Stalling Characteristics of the NAUA 63A12 Airfoil
Section. BY John & Kelly.

2229, The IMfect of End Plates on Swept Wings at Low Speed.
By John M. Rlebe and James M. Watson.

2290. Synthesis and Purlflcatlon of Alkyldiphenylmethane Hy-
drocarbons. 1—2-Methyldiphenylmethane, S-Methyl-
diphenylmethane 2-Ethyldlphenylmethane, 4-Ethyldi-
phenylmethane and 41sopropyldiphenylmethanc& By
John H. Lamneck, Jr., and Paul H. Wise.

2231. Comparison of Fatkue Strengths of Bare and AlcIad
24S-T8 Aluminum-Alloy Sheet Specimens Tested at 12
and 1,000 Cycles Per Minute. By Frank C. Smith, Wil-
liam C. Brneggcnnan, and Richard H. Harwell.

2232. Stress and DistortIon Analysis of a Swept Box Beam Hav-
ing Bulkheads Perpendicular to the Spars. BY IMchard
R. Heldenfels, George W. Zender, and Charles Libove.

2238. Some Effects on NonIlnear Vartation in the Directional-
Stabil!ty and Damping-in-Yawing Derivatives on the
Lateral Stability of an Airplane. BYLeonard Sternfleld.

No.
2234. Statistical Explanation of Spontaneous Freezing of Water

Droplets. By Joseph Levine.
2295. The Boundary-Layer and Stalling Characteristlca of the

NACA 64AO1OAirfoil Section. BY Robert F. Petersom
2236. fllu~rsonic Flow around Circular Cones at Angles of At-

tack. By Antonio Ferri.
2237. Correlations of Heat-Transfer Datu and of Friction Data

for Interrupted Plane Fine Staggered in Suc@6ive
Rows. BY S. V. Manson.

2298. EtTects on Longitudinal Stability and Control Character-
istics of a B-29 MrpIane of Variations in Stick-Force and
Control-Rate Characteristics Obtained through ~se of a
Booster in the Elevator-Control System. By Uharles W.
Mathews, Donald B. Talmage, and James B. Whitten.

222i9. Theoretical Investigation of Transonic Sirrdlarity for Bod-
ies of Revolution. By W. Perl and Milton M. KlelR

2240. The Effect of Nonuniform Temperature Distributions on
the Stresses and Distortions of Stiffened-Shell Struc-
tures. BY Richard R. Heldenfels.

%241.A Numerical Method for the Stress AnaIysis of Stfffcned-
Shell Structures under Nonuniform Temperature Dis-
tributions. By Rk!hard It. Heldenfeis.

2242. Analytical InvesUgatIon of Turbulent Flow tn Smooth
Tuk+s with Heat Transfer with Variable Fluid Prop-
erties for Prandtl Number of 1. By Robert G. Deissler.

2243. Effect of Cell Shape on Compressive Strength of Hexagonal
Honeycomb Structures. By L. A, Rtngelstetter, A. W,
VOSS,and C. B. NorrLs.

2244. A Comparison of Theory and Experlmcnt for High-Speed
Ilee-ilIolwule Flow, By Jackson R. Stabler, G1en Good-
win, and Marcus O. Creager.

2245. Calculation of Compressible Potential Flow Past Slender
Bodies of Revolution by an Integral Method. By Milton
M. Klein and W. Perl.

2246. Method for I)eterrnlnlng Distribution of Luminous Emit-
ters in Cone of Lamlnar Bunsen FIame, By Thomas 1’,
Clark.

2247. A Comparison of the Lateral Controllability with Flap and
Plug Ailerons on a Sweptback-Wing Model Having I?ull-
Span Flaps. By Powell M. Lovell, Jr.

2248. Analys!s of the IkTects of DesQn Pressure Ratio per Stage
and OtT-Deeign Ernciency on the Operating Range of
Multistage Axlrd-Flow Compressors. By Melvyn Savage
and Willard R. Westphal,

2249. The Spanwise Distribution of Lift for Minimum Induced
Drag of Wings Having a Given Lift and a Given Bending
Moment. By Robert T. Jones.

2200. An Wlysis of the Applicability of the Hypersonic Similar-
ity Law to the Study of Flow about Bodies of Revolution
at Zero Angle of Attack. By Dorris M. Ebret, Vernon
J. Rossow, and Victor L Stevens.

2251. EMects of Mach Number up to 0.34 and Reynolds Number
Up to 8xl@ on the Maximum LIf t Coefficient of a Wing
of NACA 66-Series Airfoil Sections. By G. Cheater
Furlong and James El. Fitzpatrick,

2252, Formulas for Source, Doubleti and Vortex Dletributione In
Supersonic Wing Theory. By Harvard Lomax, Max. A,
Heaslet, and FrankIyn B. FuIler.

2258. On a Source-Sink Method for the Solntlon of the Prandtl-
Busemann lterstion Equations in Two-Dlmeneional
Compressible Ffow. By Keith C Harder and E, B.
Klunker.

~~34. Rege~eratt)r-Deslgll St udy and Its Applies thm to Turi.)ine-
Propeller Engines. By S. V, Manaon,
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No.
2235.

2256.

~i=

225s.

22(IQ.

222.

2oJ=j~.

2263.

2264.

.mJ5.

22i0.

Two-Dimensional Compressible Flow in Centrifugal Com-
pressors w[th Logarithndc-Spiral B1adee. By Gaylord
O. IZllia and John D. Stanita.

Three-Dimmteion& Lhateady-Lfft Problems in High-Speed
Flight-Basic Concepts. By Harw@i Lom~ Max. A
HeaaIet, and lhmklyn B. FnlIer.

Temperature Distribution In Internality Heated Wails of
Heat Exchangers Composed of Noncircular FIow Paa-
sagea. By EL R. G. Eckert and George M. Iaw.

Synthesis of Cyclopropane Hydrocarbons from blethyl-
c@opropyI Ketone. I—2-C!yclopropylpropene and 2-
C@opropylpropane. By Vernon A. Shbey and P. H.
mm?.

Synthesis of CycIopropane Hydrocarbons horn MethyI-
cycIopropyl Ketone. 11-2-@elopropyl-l-Penten% m-u
and tran8 2-CIyclopropyl-2-Pentene and 2-CycIopropyL
pentane. By Vernon A. SIabey and P. H. VW&

Synthesis and Pnrtdcat!on of Some ADrylblpIwnyIs and
AIkylblcyclohe@e. By Irrfng A. Goodman and PauI
H. Wise.

lWnd-TunneI Inwattgation of a Number of TotaI-Prea-
sure Tubes at H&h Anglea of Attack Supersonic
speeds.By WIIlam Gracey, Donald E. CoIetti, and
Waiter R Ruw?IL

RoUing and Yawing Uoments for Swept-Back Wings fn
S1deallp at Superaonlc Speeds. BY Seymonr Larnpert.

The Use of a Lnmhmacent Lacquer for the Wand Indi-
cation of Boundary-Layer Tramstion. By Jackson R.
Staider and Ellf.a G. SIack.

Airfoil ProtMa for llinlmum Pressure Drag at Supersonic
Velociffea-General AnaErsfs with Application to LJne-
ariaed Supersonic F1ow. By Dean R. Chapman.

NAOA VGH Recorder, By ~-ormanR. Richardson.
Strengthof Heat-RC8LStSntLamlnstesup to 375”C. By

B. M AsitrodandXarthaL Sherman.
IneIastIcColumnBehatior. By John H. Dnberg and

ThomasW. WiIder,HI.
Tea~of Tw&BIadePropellersin theLangIeyS-EhotH1gh-

SpaedTunnelto DeterminetheEEecton PropellerPer-
formanceof a ?&Wflcatfonof rnboardPitchDlstribu-
tiom By JamesB. DeIanoandlJelrinM. CarmeL

A Strnctnral-EmcfencyEwdnationof TItanfumat Normal
andEllevatedTemperatures.By GeorgeJ.Hehnerland
PanlF. Barrett.

TheoretfcaIDemptngtnRoHand EoIUng Effact&mnw of
SIender Crnclf&n Wings. By Gaynor J. Adams.

fin. ~rther Studyof ~e~ ~~fer Wtieen s~~ SW.
faces. ByJ. T. BurwellandC.D. Strang.

2272.~teti EUMCInstaMIity of Hat-SectionStrhtgersnnder
CompressiveLoad. BYStanleyGo@nan.

!2H8.SimtlarityLaws for Transotic Flow about Wings of
FiniteSpan. By JohnR ~re~ter.

fir~. EXttion of the Theoryof OsciIIatingAfrfoRaof ~te
Spanin SubsonicCom~rewibleFIow. ByErfcRefsener.

=5. A Surveyof StsbiIttyAnaIYslsTechniquesfor Automati-
callyControlledAlrcraf~ By ArthurL. JonesandBen-
@aln R Briggs.

22i6. Staticandli’atigueStrengthsof Hfgh-StrertgthMnminum-
~0~ BoltedJObt& ByE.C!.Hartmann,MarshallHolt,
and L D. Eaton.

227’7. IMecte of Compressibility on the Performance of TWOli’rdl-
Scale HeIfcopter Rotors By PauI J. Carpenter.

No.
227S. TheoretfcaI Symmetric Span Loading Dne to Flap Defect-

ion for Wings of Artitrary PIan Form at Subsonic
Speeda. By John DeYoung.

2279. Three-Dimensional C?ompresslbIe Lamlnar Bomdary-
Layer FIow. By FrankUn K. 3foor&

2260. A ‘l%eoreffml AnaIyaLsof the ~ of Fuel Motion on
AIrplane Dynamics. By Albert A. SchY.

22S1. DetaUed Computational Procedure for D@gn of Cascade
Blades with Prescribed Velocity Distrlbutiona in Com-
preaaible PotentfaI FIOWS. By George R Coatello, Rob-
ert L. Cnrmninga, and John T. SinnettG Jr.

22S2. h improved Approximate Method for Calculating Lfi
Distributions Due to Twfst By James C. SiwdIs.

22S3. Method for CaIcuIatlng Lift Distributions for Unswept
Wings with Flaps or Ailerons by Use of NonUnear Sec-
tion Lift Data. By James C. SIvelIa -d Gertrude C.
Wllst!rick.

226-L LU’GPltchfng MomenL and Span Load C!Mracterbtfce of
ViYngsat Low Speed as =ect~ by T’ariaKon8 of Sweep
and Aspect Ratio. By Edward J. Hopkins.

22S3. Damping fn Roll of Crnclform and Some I&dated Delta
‘iVings at Supersonic Speeds. By Herbert S. Ribner.

22S6. PreUrninary InwXLgation of a New Type of Snperaonic
Irdek By Antonfo Ferrf and LouLs M. NUCC1.

22s7. An Investigation of Pure Bending in the PIaatIc Range .–
When Loads Are Not ParaUeI to a PrlnciPal Plane. BY
Harry A. Vi-ilIiama.

226S. Estfrnation ofLow-SpeedLiftand Hh@-lfoment Param-
eters for FuU-Span TraiIIng-Edge F1apa on LMting
Surfaces with and wkhout Smepback. By Jules B.
Dods, Jr.

22S9. EIaatic constants for Corrngated40re Sandwich Plates.
By Charlea Libove and Ralph E. HubluL

2290. A Method for Cak!nIat-tng Stresses in Torsion-Box Covers
with Cutouts. By R~ChSrd Roaecrans.

2291. Induence of ‘iTall BonndarY Layer npon the Performance
of an Axial-F’low Fan Rotor. By Emanuel Boxer.

22!32.Experiment.al Investigation of the HITecte of Support Ln- -.
terference on the Drag of BMWS of Re~oIntlon at a
Mach Xumber of L& By Edward W. Perkins.

2293. The Physical Properties of Active Nitrogen in Low-Density
Flow. By James 3L Benson.

2294. Lfft and pitching Derlvaffvaa of Thin Sweptback Tapered
Wtngs wfth Streamwtse Tips and %baonlc Leading
Edges at Supersonic Speeds. By Frank S. Maheatuto,
Jr., and Dorothy 3L Howrer.

2295. Chordwfae and Compremibiltty Corrections to SIender-
Tt”tig Theory. By Harnird Lomax and Iaaa S1uder.

2296. Turbnlent Boundary-Layer Temperature Recovery Factors
fn Two-DimenaionaI Supersonic Flow. By Maurice
Tricker and Stephen H. MaaIen.

2297. ~ect of an Increase in Angle of Dead Rise on the Hydro-
dynamicCharacteristicsof a Hi@-Ungth-Beam-Ratio
HulL By WaiterE. Whftsker,J’r. andPaulW. Br~cej
Jr.

229S.A Xoticaffon to Thin-AfrfoIl-SectionTheory,~ppllcable
to ArbitraryAtrfoflSections,to Accountfor theE&acts
of Thklmeason theLfft Distribution.By David Gra-
ham.

2299.ExposureTesta of Galvan&&Steel-St.ftchedAIumhmru
Alloys. By FredW Relnhart.

2300.Analyticaland HxperfmentalInw@&atfon of Effect of
Twiet on Vibrations of cantilever Beams. By Alexander
Mendelson and SeIwyn GendIer.
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No.
2301. LlnefLrlzed Solution and General Phstic Behavior of Thin

Piate with Circular Hole in Strain-Hardening Range.
By M. H. Lee’iVu.

2302. AGeneral Through-lHow Theory of Fluid Flowwlth Sub
so~ic or Su~ersonic Velocity in Turhmachines of Arbi-
trary Hub and Casing Shapes. By Clmng-Hna Wu.

2903. Correspondence Flows for Wings in Linearized Potential
Fields at Subsonic and Superaonlc Speeds. By Sidney
M. Harmon,

2S04. Effect of Heat and Power Extraction on Turbojet-Engine
Performance. IV-Analytical Determination of Effects
of Hot-Gas Bleed. By Stanley L. Koutz.

2S05, An Aualytical and Experimental Investigation of the Skin
Friction of the Turbulent Boundary Layer on a Flat
Plate at Supersonic Speeds. By Morr!s W’. Rnbesin,
Randall C!.Maydew, and Steven A. Varga.

2306, Meteorological Analysis of Icing Conditions Encountered
in Low-Altitucle Stratiform CloudS. By Dwight B.
KIine and Joseph A. Walker.

2307. A Theoretical Method of Determining the Control Gear-
ing and Time Lag Necessary for a SpecMed Damping
of an Aircraft Equipped with a Constant-Time-Lag Au-
topilot. By Ordway B. Gates, Jr., and Albert A, Schy.

230& Vibratory Stresses in Propellers Operating in the Flow
Field of a Wing-Nacelle-Fnselage Combination. By
Vernon L. RogaRo, John C. Roberts, and Merritt R.
Oldaker.

2309. Charts for Estimation of Longitudinal-Stability Deriva-
tives for a Helicopter Rotor in Forward FIight. By
Kenneth B. Amer and i?. B. Qustafson.

2910, Generalization of Boundary-Layer Momentum-Integral
Equations to Three-Dimensional Flows Including Those
of Rotating S~tem. By Artur Mager.

2311. Flight Investigation of the Variation of Static-Pressure
Error of a Static-Pressure Tube with Distance Ahead
of a Wing and a 17uaelage. By William G?racey and El-
wood l?. Scheithauer.

2812. BeaMng Strengths of Some Aluminum-Alloy Permanent-
MoId Castings. By E. M. Finley.

2313. The Eff&?ts of Mass Distribution on the Low-Speed Dy-
namic Lateral Stability and Control Characterlstlm
of a Model with a 45° Sweptback Wing, BY Donald
E. Hewes.

2314. Effect of Quadratic !l!erms in Differential Wuations of
Atmospheric Oscillations. By C. L. Pekeris.

2315. Supersonic Lift and Pitching Moment of Thin Swe@-
back Tapered Wings Produced by Constant Vertical Ac-
celeration. Subsonic Leading Edges and Supersonic
Trailing Edges. BY Frank S. Malveztuto, Jr., and Doro-
thy M. Hoover.

2316. Wind-Tunnel Investigation at Low Speed of Lateral Con-
trol Characteristics of an Untapered 46° Sweptback
Semispan Wing of Aspect Ratio 1.59 Equipped with
Various 2&Pereent-Chord Plain Ailerons. By Harold S.
Johnson and John R. Hagerman.

2317. A~plications of Von K&rmdrt’s Integral Method in Super-
sonic Wing Theory. By Chieh-Ohien Chang.

2318. Full-Seals-Tunnel Investigation of the Static-Thrust Per-
formance of a Coaxial Helicopter Rotor. By Robert D.
Harrlngton.

=19. Some Properties of High-Purity Sintered Wrought Molyb.
denum MetaI at Temperatures up to 2,400° F. By R. A.
Lcmg, K. O. Dike, and H. R. Bear.

NO.
2320.EITects of Some SolutIouTreatmentsFollmvedl.wtinAg-

ing Treatmenton the Life of SmtillCastGas-Turbine
Bladesof a Oobalt-Chromium-Btise.klIoy. 1—Effwtof
Solution-TreatingTemperature.By 0. YakerandC.A.
Hotian.

2321.Anal@s of TemperatureDistributionin L1@d4001ed
TurbfneBlades. By John N. B. LIvingoodand W.
ByronBrown.

2322.Creepof Lead at Vrtrlous Temperature.% By Peter W.
Neurath and J. S. Koehler.

!2824. Fatigue StrengtlM of Aircraft Materials. Axial-Load
Fatigue Tests on Unnotehed Sheet Specimens of 24S-T3
and 75S-T6 Aluminum Alloys and of SAE 4130 Steel,
By H. J. Grover, S, M. Bishop, and L. R. Jackson.

2325. Development of Magnesinm-Cerium ForgW Alloys for
Elevated-Tcmperrdure Service. By K. Grube, R. Kaiser,
L. W. Eastwood, C. M. Schwartz, and H. C. Cross.

2326. Two-Dimensional Subsonic (jompre~ib~e FioTs ~~~t Arbi.
trary Bodies by the Variational Method. By Chl-Teh
Wang.

2327. Fatigue Testing Machine for Applying a Sequence of Loads
of Two Amplitudes. By Frank C. Smith, Darnley M.
Howard, Ira Smith, and Richard HarwelL

2328. Methud for Determining Pressure Drop of Monatomic
Gases Flowlng in Turbulent Motion through ConstauL
Area Passages with Simultaneous Frlctlon and Heat
Addition. By M. F. Talerino and R. B. Doyle.

2329. Htgh-Temperrdure Protwtion of a Titanium-Ctirbicle Cer-
amal with a Ceramic-Metal Coating Having a Tiigit
Chromlnm Oontent. By Dwight G. Moore, Stunley G.
Benner, and William N. Harrison.

2330. Water-Landing Investigation of a Model Having Heavy
Beam Loadings and 0° Angle of Dead Rise. By A.
Ethelda McArver.

2331. Wind-TunneI In~estlgation of a Number of Total-Pressure
Tubes at High Anglea of Attack. Subsonic Speeds. By
William Gracey, Willlam Letko, and Walter R Russell.

2382. Analysis of the Effects of Wing Interference on the Tail
Contributions to the Rolling Derivatives. By Wiiliam
H. Michael, Jr.

2333. Transient Aerodynamic Behavior of an Airfoil Due to
Different Arbitrary Modes of Nonstationary Motions
in a Supersonic Flow. By Chieh-Clien Chang,

2834, On Reflection of Shock Waves from Boundary Layers.
By H, W. Liepmann, A. Roshko, and S. Dhawan.

2335. A Plan-Form Parameter for Correlating Certain Aerod-
ynamicOharacteristice of Swept ‘il’ings. 13Y Franklin W.
D1ederich.

2336. Some Theoretical Characteristics of Trapezddal Wings
in Supersonic Flow and a C!ompnrisou of Smwrnl Wlng-
Flap Comllnations. By Robert 0, PiIand.

2337. Approximate Calculation of Turbulent Boundary-Layer
Development in Oompreesible Flow. By Maurice
Tucker.

2398. Experimental Investigation of Locnllzcd Regions of IQm-
inar-Boundary-Layer Separation. By W1lIiam J.
Bursnail and Laurence K. LoftIn, Jr.

2W9. Transonlc Flow Past a Wedge Profile vrlth Detached Bow
Wave-General Analytical Method and Final Ckdculated
Results. By Walter G. Vlncenti and Cleo B. Wagoner.

2340. A -Surveyof ~iethodafor DeterminingStabI1lty Param-
eters of an Airplanefrom D~namIcFlight hleasure-
menta. BYHarryGreenber&
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2341. A Least Sqnare+s Cume Fitting Method with Applications

to the Calculation of Stability Coefdcients from Tran-
sient-Response Dat& By Mamim ShInbroL

2342. Evaluation of Packed DistlUation Columns. I—Atmos-
pheric Pressure. By ThaIne W’. Reynolds and George
H. Sngimura.

2343. Comparison of Theoretical and Experimental Response
of a Singl&310de EIastic System tn Hydrodynamic Im-
pact. By Robert W. Miller and Kenneth S?.Merten.

2344. Method for Calculating Dowmwash Field Due to Lifting
Surfaces at Subsordc and Supersonic Spe@S. By Sid-
ney M. Harmon.

2343.The Effectof an ArbltramSurface-TemperatureYmla-
tlonalonga I’latPIateontheConvectiveHeatTransfer
in an IncompressibleTurbtdentBoundaryLarer. By
irorrisW. Rubesin.

2346.An IterativeTransformationProcedurefor XumericalSo-
httion of FIutter and Similar Clharmteristlc-Valne
Problems.BY~~ron L. Gosmrd.

2347.Effectof Asst Ratioand Swse@ackon tie Low-Speed
Lateral Control Characteristk-sof untapered Low-
&zzt-Ratio Wings Equippedwith RetractableMl-
erons. BYJackFtschelandJohnR. Hagerman.

234S.Effectof AspectRatioon the Low-SpeedLateralControl
Character[stksof UnsweptUntaperedLow-&wX-
RatioWings. BYRodgerL. Naesethand William~.
O’Hare.

23.+!).FluctuationsIn a Sway Formedby Two Im@n@ngJets.
BYllarcus I’. Eekbnannand Jack 0. Hum@rer.

2350.On the Second-OrderTnnnel-Wall-C!onstrSctIonCorrw
t~onsInTwo-DhnensionslCampreesibleFIow. By E. B.
KtunkerandKeithC.Harder.

!?WL~n ExperimentalInvestigationof the E&ct of Surface
Heatingon Boundary-LayerTransitionon a FlatPlate
in Supel%onicFlow. BYRobertW. Higginsand Con.
stantineC.Pappas.

2S52.Spin-TunnelIn~es&ation of the Effects of 31assand
D1mensionslVarlatlonson theSpinningCharacteristics
of a Law-WingSingle-VerticaI-TaSlE1odelTypkal of
Personal-OwnerAirplanes. BY Walter J. KEnarand
Iack H. ‘iWlsom

ZW3.ChartsandTablesfor U= in Calculationsof Downwash
of Wings of ArbitraryPIan Form. By Ii’ranklinW.
Diederich.

2334 A NumericalApproachto the InstabW&Problemof
MonocoqueC@lnders. By Bruno A. Boley, Joseph
lIempner,andJ. Wwers.

2356.Achrornatiaationof DebmScherrerLines. BYHansI!lls-
steinand WanleySiegeL

2356.Two-DimensionalTranaordcmow Past Airfoils. BY
Ymg-HuaI~uo.

2367.iUethodfor @knWion of Ram-JetPerformance.BY
JohnB. Henryand J. BuelBennett.

Z!5S.Effect of Yertkal-T&dl& and Lengthon the Yaw@
StabilityOharactetlsticsof a ltodelHatig a 45°Swe@-
back Wing. By ‘i’i’flIiatnLetlco.

2S59.l?loatingCharacteristicsof a P1afnanda Horn-Balanced
Rudder at Sph.m!ngAttttudesas Determinedfrom
RotaryTestson a 310deIof a TypicaILaw-WingPer-
sonal-OwnerACrplane.By WlllfsmBlhrle,Jr.

2360.Effect of TaiI Surfaceson the BaseDrag of a Body of
RevolutionatlJachNumbersof L5and2.0. ByJ. Rich-
ard Spahrand RobertR. Dickey.

No.
2361. TnrbrdeneIntenslty Measurements in a Jet of Ah’ Issuing - .=

from a Long Tube. By Barney H. LIttIe, Jr., and Staf- ._
ford w. ‘i’ilIbur.

2362. Torsfonsl Strength of Sttffened D-Tubes. By E. S. ..- ,_
Karanaugh and IV. D. Drinkwater.

2363. On the AppIfcation of 3fathieu Functions in the Theory
of Subsonic Compressible FIOW Past OscllItiting Alr-
fofIs. By Eric Reiasner.

2364. On Two-Dimensional Flow after a Curved Stationary
Shock (with Special Reference to the Problem of D*
tacked Shock Wares). By S. S. Shw

2365. Analytical Ewduatlon of Aerod~amic Characterist@? of ‘“
Tnrblnes with Nontwlsted Rotor BIades. By V7illiam
R. SIirka and David H. Siiwn.

2366. Friction at High SIMing Teloclties of Oxide Films on-
Steel Surfaces Bcmndary-Lubricated with Stearlc-Acid
Solutiome. By Robert L. Johnso& Marshall B. Peterson,
and Max & Sw&erL

236i. General Plastic Behavior and Approximate SoIuttona of
Rotating Disk in Strsin-Hardenbg R-. BY ~. H. .
Lee TVu.

2369. Torsion and Tranmerse Bending of CantUerer Plates.
By Eric Reissner and Manuel Stein.

2370. Matrfx Method of Determining the Lm@tudinal-StabHity
C@efficienLsand Frequency Response of an Aircraft from
Transient FLfght Data. By James J. Donegan and ..__
Henry A. Pearson.

237L Possible Application of Blade Bonndsry-Layer Control
to Improvement of Design and Off-Design Performance
of Axial-Flow Tnrbomtwhhws. By John T!. Sinnette,
Jr., and George R. CosteIlo.

2372. Rectangular-Wind-Tmmel Blocking Corrections ~sing the
VeIocit y-Ratio Method. By Rudolph W. HenseL

23i3. Practicalllethodsof CtdculatfonInro~redin the Experi-
mentalStudyof an~ntopiIotandtheAntopuot-Mrcrafr
C!ombInatIon. By Lonls H. Smausand Elwood C
Stewart.

2374.Effect of InMal MixtnreTemperatureon FIarueSpeed
of llethane-Air,Propane-Airand Ethylene-AirMx-

- tares. By GordonL. Dngger. -.

2375.OntheUseof CoupledlloclalFunclionsin mutterArialy.
sis. BY DonaldS. WooIstonand HnrryL. RttnYan.

2376.Methodfor AnalyzingIndeterminateStructuresStressed —
aboveProportionalWt. BYF. R Ste~bacher,C?.N.
Gaylord,and W. K. Rey.

2377.Effect of Fuel Immersfon on Laminated Plastics. By
W. A. Crouse, Margte Oarickhoff and Margaret A. 17tsher.

237S. Automatic Control Systems SatfsfyLng Certain General
Orherions on Transient Behatior. By Aaron !3 Bok-
aenbom and Richard Hood. — —

Z3i9. ti In~estigation of the Effects of Jet-Outlet tit-off &@e —
on Thrust Direction and Body Pitchfng Moment. By
James R. BIackaby.

23S0. Effectiwmess of Ceramic Ooatl.pgs in Reducing Corrosion
of Five Heat-Resistant Alloys by Lead-Bromide Vapors.
By Dwtght CLMoore and Mary W. Mason.

2381. Effect of HorizantaI-TaiI Location on Low Speed Static
LangitudlnaI StabLIfty and Dmuping b Pitch of a
ModeI Having 45” Sweptback TWng and TalI Surfaces.
By Jacob H. Liechtenstein.

!28S3.EfTect of Horfzantal-Tafl Size and Tafl Length on Low-
SP@X StaticLOWMUWMIIStabilityand Datnp!ng in
Pitch of a Model Ha~g 46° Sweptback Wing and Tail
Surfaces. By Jacob H. LichtensteLn.
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23S3. On a Solution of the Nonlinear Differential Elquation for

Transonic Flow Past a Wav+Shaped Wall. By Carl
Kaplan.

23S4. Preliminary Invest.lgatlon of Wear and Friction Proper-
ties under Sliding Ckmditlons of Materials Suttable for
Cages of Rolling-C%ntact Bear@s, By Robert L. John-
son, Max A. Swlkert, and Edmond E. Bisson.

23&. Fundamental Aging Effeds Influencing High-Temperature
Properties of Solutlon-Treated Inconel X. By D. N.
Frey, J. W. Freeman, and A. E. white.

2368. Studies of Eiigh-Ter@erature Protection .of a TItanhnn-
Uarblde Ceramal by Chromhun-Type Ceramic-Metal
Coatings, By Dwight Cl. IUoore, Stanley G. Benner and
Wllliam N. Harrison.

23S7. Three-Dimensional Unsteady Lift Problems in High-
Speed Flight-The Trlengular Wing. By Harvard
Lomax, Max, A. Heaslet, and Franklyn B. Fnller.

23S6. Axlsymmetric Supersonic Flow in Rotating ImpeIlere.
By Arthur W. Goldstein.

23S9. Fatigue Strengths of Aircraft Materials. Axial-Laad
Fatigue Tests on Notched Sheet Specimens of 24S+9
and 75S-T6 Aluminum Alloys and, of SAH 4130 SteeI
with Stress-Concentration Ii’actom of 2.0 and 4.0. By
H. J. Grover, S, hf. BIehoP, and L. R. Jackson.

2390. Fattgue Strengths of Aircraft Materials. Axial-Ioad
Fatigue Tests on Notched Sheet Specimens of 24S-T3
and 75S-T6 Alurolnuro AUOYSand of SAM 4130 Steel
with Strees-Concentration Factor of 5.0. By H. J.
Grover, S. M. Bishop, and L. R. Jackson.

2393. Flow through Cascades in Tandem. By WilIfam E.
Spraglin.

2397. Influence of Tensfle Strength and Ductility on Strengths of
Rotating Disks in Presence of Material and Fabrication
Defects of, Seveml Typt?s. By Arthur G. HolnuA Joseph
E. Jenkins, and Andrew J. Repko.

23!3S.Synthesis of Cyclopropane Hydrocarbons from Methylcy-
clopropyl Ketone. 111-2-Cyclopropyl-l-Butene, cfs and
tram 2-Cyclopropyl-2-Butene, and 2-Cyclopropylbutane.
By Vernon A. Slabey and Paul H. Wise.

2399. Applicability of the Hypersonic Similarity Rule to Pres-
sure Dfatributions which Include the Effects of Rotation
for Bodies of Revolution at Zero Angie of Attack. By
Vernon J. Roseow.

2402. Construction and USCof Charts in Design Studies of Gas
Turbines. By Sumner A1pert and Rose M. Litrenta,

2403. The Indiclal Ltft and Pitching Moment for a Shdting or
Pitching Two-Dimensional Wing Flying at Subeonlc or
Supersonic Speeds. By Harvard Lomax, Max. A Heas-
let, and Loma Sluder,

2405. Investigation of NACA 64,2-432 and 64,6-440 Airfotl Sec-
tions with Boundmy-Layer Uontrol and an Analytical
Study of ‘l?hefr Possible Applications. By Ehner A.
Horton, Strmley F. Itacisa, and Nicholas J. Parsdiso.

2407. Method of Analysis for Compressible Flow Past Arbitrary
Turbomachine Blades on General Surface of Revolution.
By Chung-Hua Wu and Curtis A. Brown.

240S. Approxhuate Design Method for Hfgh-Solidity Blade
Elements in Compressors and Turbines. By John D.
Stanitz,

2409. summary of Methods for Calculating Dynarotc Lateral
Stabillty and Response and for Estimating Lateral Sta-
bility Derivatives. By John P. Campbell and Marion O.
McKinney.

No.
2410.Analytical Investigationof Fully Developed Laminar Flow

h Tubes with Heat Transfer with Fluld Properties
Variable Along the Radius. BY Robert G. Deleeler.

2419. Flight Investigation of the Effect of Control Centering
Springs on the Apparent Spiral Stability of a Persunal-
Owner Airplane By John P. Campbell, Paul .+. Hunter,
Donald E. Hewes, and James B. Whltten.

2414. An Experimental Determination of the Critical Bending
Moment of a Box Beam Stiffened by Peats. By Paul F.
Barrett and Paul Seide.

2416, ~-eoretical “S&d~ of Some Methods” for Incensing the
Smoothness of Fllght through Rough Air. By William
H. Phillips and Christopher C. Kraft, Jr.

241& Flow Separation Ahead of Blunt Bodies at Supersonic
Speeds. By W. E. MoeckeI.

2423. Theoretical Aerodynamic Characteristics of Bodies in a
Free-Molecrde-Flow Field. By Jackson R. Staider and
Vernon J. Zurick.

242-4. Flfght Investigation of the Effect of Transient Wing Re-
sponse on Wing Strains of a Twin-Fmgtne Trrmsport
Airplane in Rough Air. By Harry C. Micklelwro and
C. C. Shudlebarger.

2425. Plastic Stress-Strain Relations for KS-TO Aluminum
AIloy Subjected to BiaxiaI Tensile Stresses. BY Joseph
MarIn, B. H. Ulricl& and W. P. Hughee.

2431. Skin Friction of Incompressible !l?urtmlent Boundary LaY-
ere Under Adverse Pressure Gradients. By Fnblo R.
Goldechmled.

2435. Direct-IWading Design Charts for 756-TO AlumInum-
Alloy Flat ComprWeion Panels Having LengItudlnai Ex-
truded Z&Section Stiffeners. BY William A. Hickman
and N-orris F. Dow.

24W3.Heat Transfer to Bodies in a High-Speed Raretled-Gae
Strewn. By Jackson R. Stadier, G1eH Gomlmin, tind
Marcue O. Creager.

2441. Optical Methods InvoIvlng Light Scatterhg for Measnrlng
Sise and Concentration of Condensation Particles in
Supercooled Hypwaonic Flow. BY Enoch J. Durbln.

2443. The Similarity Law for Hypersonic Flow about S1ender
Three-Dimensional Shapes. By Frank M. Hsnmker,
Stanford E. Neice, and A. J. Eggers, Jr.

2444. IM%ct of StnX?s-Solvent Crszlng on Tensile Strength of

Polymethyl Methacrylate. By B. M. A~ilrod and
Martha A. Sherman.

2490. Flight Investigation of Some Factors Affecting the Criti-
cal Tail Loads on Large Airplanes. By Harvey H.
Brown.

2502. Examples of Three Representative TYpes of Airfoil-Sec-
tion Stall at Law Speed. By George B, McCullough
and Donald E. Gault.

2516. A Survey of Creep in Metals. BY A. D. Schwope and
L. R. Jackson.

2623. Rotogenerative Detection of Corraslon Current& BY
Joseph B. WA.ndrew, William H. Coiner, and Howard
T. FrancIs.

2561. A Study of Poisson’s Ratio in the Yield Region. BYGeorge
Gerard and Sorrel Wlldhorn.
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Citations to German reports in this list will use the folIowfng
abbreviations where applicable:
ZWB-ZentraIe f iir WissensclmftlichesBerichtswesen der Luft-

fahrtforschung des Generalluftzeugmeistem (German Central
Publication Odice for Aeronautical Reports).

FB-Forschungsbericht (Research Report).
UM-Untersuchnngen und Mitteihmgen (Reports smd Memo-

randa ) .
Iio.

1241. Basic Differential Equations in General Theory of Elastic
Shells. By T. S. VIasm. From Prikladnaia htatematika
i ?JekhaniIm, VO1.8, 194+ pp. 109-140.

I.%& ~vdrodynamic Properties of Planing SurfaCeS and -g
Boats. By N. & Sokolov. From !CSentral’u’ii AerO-
gidrodinamichesi.rii Institut, Tsagi [CAHI Report] No.
149, 1932, pp. 1-39.

124S. Investigations of Lateral Stability of a UIKie Bomb Using
Automatic ControI Hwiing No Time Lag. By EL W.
Spender. From ZWB, FB 1819, May 1943.

1250. Subsonic Gas FIow Past a Wing Protlle. BY S. A. CM!+
tianovich and L W Yurlev. From PrikIadnaya Mate-
matika i Wkhanika, VOL 11, No. 1, 1947, Pp. 10&l18.

IX&. FIight Performance of a Jet Power Plant. IH-Operating
CharncterLstfcs of a Jet Power PIant as a FrmCtion of
Altitude. By F. Vi’einig From ZVVB,FB lr~fi, NOV.
1, 1943.

i260. Exact Solutions of Equations of Gas Dynamim. By L A.
KiebeL From Prildndnaya Matematika i Mekhardca,
vol. 11, 1947, pp. 193+98.

lfl%l. On the Theory of the Pro~agation of Detonation in GtM-
eous Systems. By Y. B. z.eldo~kh. From 5urnaI 13x-
pmimeutdnoi 1 Teoretfcheskol Ffaikti, Vol. 10, IWO, PP.
542-568.

I-~9. ~fi~pn~e and Heat s~atifl~t~on. By E ~~chtig.

From Zeitschrift fitr Angewandte 31athematik und Me-
chani& Vol. 15, No. 6, December 1935, PP. 313-338.

122. Contribution to the ProbIem of Buckling of Orthotropic
Plate% with Special Reference to Plywood. By Wilhelm
Thielemann. Prom Foraclmngsgemeinschaft Halle No.
160,Ct9, Feb. 1945.

KHM.Isentropic Phnse Changes in Dissociating Gnses and the
k.b?thod of Sound Dispersion for the Inw@igation of
H,]mogeneo~ Gas Reactions with Very High Speed. By
Gerhard Damk6hler. From Zeftmhrift fflr IilIetr@
chemie, VOL4S, No. z 1942, pp. 62-82.

1269. Isentropic Phase Changes fn DLslating Gascs and the
2Jethod of Sound Dispersion for the Inresttgation of
Homogeneous Gas Reactions with Tery High Speed. By
Gerhard DmukWIer. From ~ltachrift fGr M1ekt.M-
chemie, ToL 48, No. 3, 1942, pp. 116-131.

12il. Effect of Intense Sound Wares on a Stationary Gas Flame.
By H. Hahnemann and L. Elhret. From Z+?itschrift filr
Technische Physlk, No. 1O-U 1943, pp. 228-242.

1272. Critical Velocities of UN.racentrLfuges. By V. L SokoIov.
From mmrnal l?ekhnlcheskol Fiziki (U. S. S. R.), VOL
16. No. % 1946, PP. 463468.

1273. Resonauce Sound Absorber with Yielding lValL By S.
X. Rzherkin. From Zhnrnal Teckhnicheskoi Fiziki
IU. S. S. R.), vol. 16, NO.~ l!)~, p~. 3S1-394.

1226. Sideslip in a Viious Cornprewdble Gas. By V. V. Stm-
mins~v. From Doklady, Akademii Nauk (U. S. S. B.),
~rOt.64, No. 9, 1946, PP. 76f&772.

~The mfseing numbers fn the serfea of Technfeal Memorendnme“were
released before or after the ~eriod coveredby thfa report.

Ho.
1278. General Solutlon of PrandtI’s Boundary-Layer Equatiom

By W. Mangier. From LiIfenthaI-Gesellschaft fiir Luft-
fahrtforschung, Bericht Iti, @t. lWl, pp. 3-7. ‘

M!8L Unstable CapiiIary TVayes on Surface of Separation of Two
Wscons Fluids. By V. A. Borodin and Y. F. DMya.ldn.
From Priklmlnaya Mmematika i Mekhanika, VOL 13,
No. 3, 1949, pp. 26i-2i6.

12.82. Theory of Flame PmpagatIon. By Y. B. Zeldovich. From
5urnal Fizicheskoi Kldroii (U. S. S. R.), Vol. 2% 1948,
pp. 2i49.

1283. Resistance of a Delta Wing in a Supersonic Flow. BYE. &
Karpovich and F. I. Frmdd. From Prikladnaya Mat&
matika i M&hanika VOL U, NO. & 1%7, PP. d%+%.

12.86. Method of Successive ~pprosimations for the Solution of
Certain Problems in Aero@mnics. By M. E. Shrets.
From Prikladnaya MMematika i Mekhanika, VOL13, No.
3, 1949, pp. 257-266.

12.97. Dependence of the Elastic Strain Coefficient of Copper on
the Pre-Trea-ent. By W. Kuntse. From Zeitachrift
fiir J.tetallkide, VOL20, No. ~ 1922, pp. 145-1S0.

1288- The DiEhsion of a Hot Air Jet in Air in Motion. By W.
SaabIewski. From LufKMmtforsehungsnnstaIt Her-
msnn G&ing (EL V.), Braunsc!hvreig, Sept. 1W6.

1289. The Development of a HoIlovi Blade for Exhaust CAM
Turbines. By H. Kuhhnarm. From ZWB, UM 788, Dec.
liM3.

1291. On StabiIky and Turbulence of Fluid FIows. By Werner
Heisenberg. From AunaIen der Physik, Tel. ‘7+ No. 15,
1924 pp. 577-627.

1292. Laws of Flow in Rough Pipes. BY J. Nikuradse. From
VDI-170rschungsheft 361, Supplement to ‘T?orschung auf
dem Geblete des Ingenieurwesensfl Series B, VOL 4,
JuI~-Augusst 1933.

12$4 Exhaust Turbine and Jet PropnIsion Systems. BY K.
Leistand El. ~LknscMI& From ZWB, ES 1069, May
15, 1.939.

12%. Gas FloTv with Sbaight Transition Line. By L. V. Ovi-
sinnnikov. From PrLldadnaya Matematika i Mekbanika,
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Mr. J. L. Coole~, California Research Corp.
Mr. S. D. Heron, Ethyl Corp.
Mr. W. 3L HoIaday, Socony-Vacuum Oii Co., Inc.
Mr. C. R. JOIIIISOLSheII OU 00.
Mr. Melvfn H. Young, Wrfght Aeronautical Corp., Divtsion of

Curtiss-’iVright Corp.
Dr. W. E. Kuhn, The Texas Co. —.-—
Mr. O. E. Rodgers, Aviation Gas Turbine Dhtslon, Westinghouse

Etectric Corp.
Mr. KarIe & Ryder, Pratt and V7hNney Aircraft D1vieiou

United Aircraft Corp.
Mr. HaroId M. Trhuble, Phillips Pt?trolenra Co. —.

Mr. Henry E. Aiquist, Secretary.

.%beonunittee on Cornhustion

Dr. Bernard Lewis, Bureau of MLnes, C!hafrman,
Dr. D. G. Smnaras, Wright & Development Center.
Mr. Garrett L. Wander, Wright Air Development Force.
Mr. N. N. Tilley, Bureau of Aeronautics, Deparbnent of the

h’avy.
Mr. Edward H. Seymour, OtEce of Navai Research, Department

of the Navy.
Dr. Ernest F. Fioc?+ A-ational Bureart of Standards.
Dr. Waiter T. Oiscq NACA Iavie ??lfght Propnision Laboratory.
Mr. Edmund D. Brown, Pratt and Whitney Aircraft Division,

United Mrcrnft Corp.
Dr. Alfred G. Cattaneo, Sheii Dereiopment Co.
Prof. Newman A- Hall, CnMersity of Minnesota.
Dr. John P. Long’iveR, Standard OiI Development CO.
Mr. A J. Nera& General Ekctric Co.
Dr. Robert N. Pease, Prtnceton lhiveralty.
MY.Edwin P. Wal@ Westinghouse Electric Corp.
Prof. G1enn C. Vi’fUIams,Massachnaetts Institute of Technology.
I)r. Kurt Ti’ohl, University of Delaware

Mr. Henry E. Alquist, Secretary.

%hcornmittee on Lukication and Wear

Mr. ELM. PhiiLim, General Ek!CtI’iCb., OWdrIUan.
Mr. J. Josteiier, ‘Wright Air Development Center.
Mr. Robert C. Sheard, Wright AIr DereIopment Center.
Mr. Charles C. SingIeterry, Bunmn of Aeronautics, Department

of the Navy.
Dr. V$lliiarn Zisman, h-avaI Research Laboratory, Department of

the Navy.
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Mr. Edmond E. Bisson, NACIALewis E’light Propulsion ~bora- Subcommittee on Heat-Resisting Materials
tory.

Mr. Richard W. Blair, Wright Aeronautical Corp., Division of
Mr. &’thur W, F. Green, General Motors Corp., Chairman.

Curtlss-Wright Corp.
Mr. J. B. Johnson, Wright Air Development Center.
Mr. Nathan El. Promisel. Bureau of Aeronautics, Department of

Dr. John T. Burwell, Jr., Horizons, Inc. the Navy.
Dr. Merrell R. Fenake, Pennsylvania State College.
Mr. Daniel Gurney, Marlin-Rockwell Corp.

Mr. Benjarotn Pinkel, NACA Lewts Fii@t Propulsion
tory.

Dr, Robert G, Larsen, ShelI Development C%.
Mr. C. J. McDowall, AIlison Division, General Motors Corp.

Mr. W. L. Badger, GemeraJ Electric Co.

Mr. Joseph PalsuIich, Olevelaud Graphtte Bronze Co.
Mr. Howard C. Cross, Battelle Memorial Institute.

Mr. Earle A, Ryder, Pratt and Whitney Aircraft Division, United
Mr. P. G. DeHuff, Jr., W’esttnghouee Electric Corp.
Mr. Russell Franks, Union Carbide & Carbon ~rp.

Labora-

Aircraft Corp.
Mr. 0. H. Stockdale, Westinghouse Electric Corp.

Mr. Herbert J. French, International Nickel CO.
Prof. Nicholas J. Grant, Massachusetts Institute of Technology.

Dr. Haakon Styr!, SKF Industries, Inc.
Mr. Arthur F. Underwood, General Motors Corp.
Mr. W. Andrew Wright, Sun Oil CO.

Mr. William H. Woodward, Secretary.

Subcommittee on Engine Performance and Operation

Mr. Arnold H. Redding, Westinghouse EIectric Corp., Chairman.
Mr. Opie Chenoweth, Wright Air Development Center.
Mr. (3. G. Sorgen, Bureau of Aeronautics, Department of the

Navy.
?&’. Bruce T. Lundin, NACA Lewts Flight Propulsion Lal)ora-

tory.
Dr. John L. Barnes, North American Aviation, Inc.
Profl Gordon S, Brown, Mqeeachueetts Institute of Technology,
Mr. Dimttrius Gerdan, Allison Division, General Motors Cap.
Mr. John Karrmik, Grumman Ah-craft Engineering Corp.
Dr. Roy E. Marquard& Marquardt Aircraft Clot
Dr. WiUtam J. O’Donnell, Republic Aviation CWp.
Mr. Erold F. Pierce, Wrtght Aeronautical Corp., Division of

Curtlss-Wright Corp.
Mr. Perry W. Pratt, Pratt and Whitney Aircraft Divlslo%

United Aircraft Corp.
Mr. El. E. Stoeckly, General Electrlc Co.
Mr. Imn Storey, Jr., Lockheed Aircraft Corp.
Mr. Lee R. Woodworth, The Rand Corp.

Mr. Richard S. Ceearo, Secretary.

Subcommitteeon Compressors and ‘lhrbiies

Prof. Howard W. Emmons, Harvard University’, Chairman.
Mr. Ernest C. Simpson, Wright A1r Develo~ent Center.
Mr. Robert W. Pinnee, Bureau of Aeronautics, Department of

the Navy.
Commander R. L. Duncan, U, S. N., Oilke of Naval Research,

Department of the Navy.
Mr. John R. Erwin, NACA Langlcy Aeronautical Laboratory.
Mr. Robert O. BullocQ NACA Lewis Fiight Pro~ulsion Labora-

tory.
Mr.KennethCampbell,Wright Aeronautical Corp., Divtaion of

Curties-Wright Oorp.
Mr. Walter Doll, Pratt and Whitney Aircraft Division, United

Aircraft Corp.
Mr. Jack 0, Fetters, AIliaon Divhdon, General Motors Oorp.
Mr. R. S. Hall, General Electric UO.
Dr. Frank ?3. Marble, Calfforrda Institute of Technology.
Mr. Charles A. Meyer, Westinghouse Electric Corp.
Prof. George F. Wislicenus, The Johns Hopktns University.

31r. Guy N. Unman, Secretary.

Mr. Alvin J. Herzig, Oli”r.uaxMolybdenum Co. of Mtchlgan.
Dr. L. H. Milligan, Norton CO.
Dr. Gunther Mohling, Allegheny Ludlum Steel Corp.
Mr. RudoIf H. Thieleman~ Pratt and Whitney Aircraft Division,

United Aircraft Corp.

Mr. William H. ‘iVoodward, Secretary.

‘Special Subcommittee on Rocket Engines

Dr. Maurice J. Zucrow, Purdue University, Chairman,
Mr. C. W. Schnare, Wright Air Development Center.
Commander K. C. Childer& Jr., U. S. N., Bureau of Aeronautics,

Department of the Navy.
Capt. Levering Smith, U. S. N., Naval Ordnance Test Station,

Inyokern,
Mr. Joseph L, Gray, Otlice of the Chief of Ordnnnce, Depart-

ment of the Army.
Mr. Paul R. Hill, N’ACALangley Aeronautical Laboratory.
Mr. John L. Sloop, NACA Lewis F1lght Propulsion Laboratory.
Mr. Richard B. Canright, California Institute of Technology.
Mr. R. Bruce Foster, Bell Aircraft Corp.
Mr. Stanley L. Gendler, The Rand Corp.
Dr. George E. Moor% General Electric Co.
Mr. Thomas D. Myers, North American Aviation, Inc.
Mr. Jack H. Sheets, Curtiss-Wright Corp.
Dr. Robert J. Thompson, J’r., M. W. Kellogg Co.
Dr. Paul F. ‘ivinternitz, Reaction Motors, Inc.
Mr. David A. Young, Aero.let Engineering Corp.

Mr. Henry E. AlquisG Secretary.

COMMITTEE ON AIRCRAFT CONSTRUCTION

Dr. Arthur E. Raymond, Douglas Aircraf t “Co,,Inc., Chairman.
.Mr. R. L. Templin, A1uminum Co, of America, Vice Chairman.
Mr. E, H. Schwallz, Wright Air Development Center.
Capt. Robert S. Hatcher, U. S, N., Bureau of Aeronautics, De-

partment of the Navy.
Mr. Albert A, Vollmecke, CIvil Aeronautics Administration.
Dr. Hugh L. Dryden (ex ornc~o).
Dr. Henry J. E. Reid, NACA Langley Aeronautical Laboratory.
Mr. Carlton Bioletti, NACA Ames Aeronautical Laboratory.
Prof. Raymond L. Bispllnghoff, Massachusetts Inst [tnte of Tech-

nology.
Prof. Emerson W. Conlon, University of Michigan,
Dr. C, C. Furnas, ClmnelI Aeronautical Laboratory, Inc.
Dr. Alexander A. Kartveli, It@public Aviation Corp.
Mr. W. C. Mentzer, United Alr Lines, Inc.
Mr. George Snyder, Boeing Alrpiane Co.
Mr. Luther P. Spalding, North American Aviation, Inc.
Mr. CharIes R. S’trang, Douglas Aircraft Co., Inc.

Mr. Franklyn IV. PhilUps, Secretary.
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Subcommittee on Aircraft Structures

Mr. C!lmrles R. Strang, DougLas Ah’craft Co., Inc., Chairman.
Mr. J. W. Frme~ Wright Air De~eIopment Center.
Mr, Joseph Kelley, Jr., Wright Air Development Center.
Canrnander L S. Ohambers, U. S. X., Bureau of Aeronautics,

Department of the Navy.
Nr. RaIph L Creel, Bureau of Aeronautics, Bureau of AeM-

nautlcs, Department of the Navy.
Mr. VW1iam T. Shtder, Civil Aeronautics Adrainiatratiom
Mr. Samuel Levy, Nattonal Bureau of Standards.
Dr. Eugene E. Lundqufss. NA2A Langley AeronriuticaI Labora-

tory.
Prof. W. H. GaIe. Massachusetts Institute of Technology.
Mr. Ira G. Hedricl& Grnmrnan ~rcrsft Engineering Corp.
Dr. A-icholas J. Hoff, PoIytechnlc Institute of Brooklyn.
Mr. Jerome F. ilIcBrearty, Lockheed Aircraft Corp.
Mr. Francla MeVay, RepnbIic Aviation Corp.
Mr. John H. Meyer, McDonnell Aircraft Corp.
Prof. Ernest E. Sechler, Cdlfornia Institute of Technology.
Mr. R. L. TempMn, Aluminum Cm of herica.

Mr. 31eltin G. Rosche, Secretary.

Subcommittee on Aircrnft Loads

Mr. George Snyder, Boetng MrpIane Co., Chairman.
Mr. Joseph H. Harrh@o& Wright Afr Development Center.
Mr. Edward J. Lnnney, Wrfght. Air De~eIopment Center.
Commander Donald J. Ehudy, U. S. N., Bureau of Aeronautics,

Department of the X-avy.
Mr. John P. Wamser, Bureau of Aeronautics. Department of the

Navy.
Mr. BnrdelI L. Springer, Cirfl Aeronautics Admlnistrat!on.
Mr. Philip Done&, XACA Langley Aeronautical hborator~.
Mr. Manley J. Hoodr NACA Ames Aeronautical Laboratory.
Mr. Albert Epsteiq Republic Aviation Corp.
Mr. F. D. Jewett, The Glenn L. Martin Co.
Mr. Jerome F. McBremty, Lockheed ,&rxsft Corp.
Mr. Alfred L SibiIa, Chance Vought Aircra@ untted

Corp.
2Jr. K. E. Van Every, Douglas Atrcraft Co., Inc.

Mr. R. Fabian Goranson, SecretaIT.

Subcommittee on Vibration and Flutter

Aircraft

Prof. Raymond L BLspIingboff, Massachusetts Institute of Tech-
nology, Chairman.

Mr. Howard A. Magrath, Wright Afr Development Center.
Mr. L. S. Wasserman, Wright Air Development Center.
Capt. ‘Waiter S. Dlehl, U. S. N. (Ret.).
Mr. James E. Walsh, Bureauof Aeronautics,Departmentof the

Nav.
Mr.RobertRosenbaum,CfvflAeronauticsAdminWratlon.
Mr.I. E. Garrlck.NAC4LangleyAeronauticalLaboratory.
Mr. AlbertErickson,NACAAmesAeronauticalLaboratory.
Mr. Samuel S. Manson, NACA Lewis Flight Propulsion Labora-

Cow
Dr. J’iT1liamE. Co= Northrop Aircraft, Inc.
Dr. J. M. FrnnJrlan& Chance Yonght Aircra~ United Aircraft
Ciorp.
Mr. Martin GoIan& XUdwsst Research In$&ute.
Mr. E B. Khmaman, Boeing Atrplane Co.
Mr. Raymond A. Pepping, McDonnelI .Mrcmft C@P.

Mr. Har~ey H. Brown, Secretary.

Subcommitteeon .Aireraft Structural Materialn

Mr. Edgar H. Dix, Jr., .Mnmtnum Co. of Amerim Chairman.
Mr. J. B. Johnso& Wrfght ASr Development Center.
Mr. James E SnlIi~an, Bureau of Aeronautic& Department of

the Navy.
Dr. Gordon M. Kline, Nattonal Bureau of Standards.
Mr. James E. Dougher@, Jr., Civil Aeronautics Administration.
Mr. Frank B. BoIte, North American Avfatio& IrIc.
Prof. Mtmvcll C4ensamer, Colmnbia Unt-wwaity.
lfr. O. W. ikudenslsger, Goodyear *raft COW.
Dr. J. C. McDonald, The Dow Chemical Uo.
Dr. Robert F. Whl, Carnegie Institute of Technology.
m. PauI P. Xtozdey,Lackheed Aircraft Corp.
Mr. Dati G. Reid, Chance Vought Aircraft Division, Urdted

Aircraft Corp.
Mr. D. H. Ruhnke, RepnbIfc Steel Corp.

Mr. OharIes V. Krebs, secretary.

COMMITTEE OX 0PER41XNG PROBLE.MS

Mr. wfllism Ltttlewoo& AIuerlcan Airlfnes, Inc., CbaMnan.
Mr. Charles Frees@ Eastern ti Lfnee, Inc., Vice Chairman.
Col. Baskin R. Lawrence, Jr., U. S. A E’., Wright Atr Develop-

ment Center.
Cd. J. Francis Taylor, Jr., U. S. A. F., Wright Air Development

Center.
Commander A. L. Maccnbbin, U. S. X., Bureau of Aeronautics,

Department of the Navy.
314. Gen. ViUItam H. Tunner, U. S. L, HcI., MUitary ASr Trans-

port Service.
Dr. F. Vi’.ReicheIderfer, Chief, U. S. Weather Bureau.
Mr. George W. Haldernm& Civil Aeronautics Administration.
Mr. Donald M. Stuart, Civtl Aeronautics Admfnfatraffon.
Dr. Hugh L. Dr@en (ex ot3cfo).
Mr. Melvin N. Gongh, NACA Lsngley Aeronautical Laboratory.
Mr. Eugene J. Ma.nganiello, NACA Lewis Fi@t PropnlAon

Laboratory.
Mr. P. R. Bassett, SWrry Gyroscom Co., Inc., DPdslon of the

Sperry Corp.
Mr. M. G. BearG American AIrlfnes, ~c.
Mr. John G. Borger, Pan American World Airways, Inc.
Mr. Warren T. Dicktnson, Douglas Aircraft Co., Inc.
Mr. Roh?rt E. Johnson, Wright Aeronautical Corp., DMsion of

Cnrriss-’Tright COW.
Mr. Jerome Lederer.
Dr. ROSSA. McE’arIandt Harvard School of Public Health.
Mr. W. C. 3fentzer, United -Mr Line9, Inc.

Dr. T. L. K. SnmlL Secretary.

Subcommittee on Meteorological ProbIernc

Dr. F. W. Rekhelderfer, U. S. Weather Bureau, Chairmrm
Brig. Gem W. O. Senter, U. S. A. F., Air ‘Weather Service.
Maj. Frederic. 0. E. Oder, U. S.& F., Air Force Cambridge Re-

search Center.
C@. R. O. Minter, U. S. N. Naval Serological Sermce.
Dr. Ross Gunn, U. S. Weather Bureau.
Mr. DeIbert M. LMIe, U. S. Weather Bureau.
Dr. Harry IVcder, U. S. Weather Bureau.
Mr. Robert W. Craig, Citi Aeronautics&lmlnistration.
Mr.GeorgeM.French,CMl AeronanttcsBoar&
Mr.~~ Press,KACALangler&-rommtl@tLaboratow.
Mr.L IrringPinkel,2WCALewfsFlight PropuIstonLaboratory.
Dr. HoraceR. Byers,Frdmrsityof Chicago.
Mr.Marttn B. OahiL Northwest Alrlhs, Inc.

.—

-—

——.

—

.—



52 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Mr. Ailan 0, Clark, Pan Ameriean World Airways, Inc.
Mr. Joseph J. Qeorg~Eastern Air Lines, Inc.
Prof. H. U. Houghton, Massachusetts Institute of Technology.
Dean Athelstan F. Spilhaus, University of Minnesota.
Mr. Frank O. IVhlte, Air Transport Association of America.
Dr. El. J. Workman, New Mexico Institute of Mining end Tech-

nology.
Mr. Donald B. Talmage, Secretary.

Subcommittee on Icing ProbIems

Mr. Arthur A. Brown, Pratt and Whitney Aircraft, United Air-
craft Corp.

Mr. James ill. DeRemer, Development, U. S. Air Force.
Mr. Duane M. Patterson, Wright Air Development Center,
Mr. Edward C, Y. Inn, Air Force Cambridge Research Center.
Mr. Parker M. Bartlett, Bureau of Aeronauti~ Department of

the Navy.
Mr. Harcourt C. Sontag, Bureau of Aeronaut iw, Department of

the Navy.
Mr. B. C. Haynes, U. S. Weather Bureau.
Mr. Stephen RoIle, Civil Aeronautics Administration.
Mr. I. Irving Pinkel, NACA Lewis Fllght Propulsion Laboratory.
Mr. DonO. Benson, Northwest Airlines, Inc.
Mr. F. L. Boeke, N’orth American Aviation, Inc.
Dr. WalIace E. Howell, Mount Washington Observatory.
Mr. Victor Hudemq Consolidated Vultee Aircraft Oorp.
Mr. David A. North, American Airlines, Inc.
Mr. W. W. Reaser, Douglas Aircraft Ch., Inc.
Dr. Vincent J. Schaefer, General Electric Co.

Mr. Boyd C. Myers, II, Secretary.

Mr. Frederick A. Wright, Wright Air Development Center.
Maj. Charles H. McOonnell, U. S. A. l?., Technical Inspection and

Flight Safety Research.
Mr. Arthur V. Stamm, Bureau of Aeronautics, Department of

the Navy.
Mr. David L, Posner, Civil Aeronautics Administration.

Mr. Harvey L. Hansberry, Civil Aeronautics Administration.
Mr. Hugh B. Freeman, CiviI Aeronautics Board.
Mr. A. C. Hutton, National Bureau of Standards.

Mr. Lewis A. Rodert, NACA Lewis Flight Propulsion Labora-
tory.

Mr. E. M. Barber, The Texas Co.
Mr. Allen W. Dallas, Air Transport Association of America.
Mr. Harold E. Hoiwn, American AirIines, Inc.
Mr. C. R. Johnson, Shell Oil Co.
Mr. Gaylord W. Newton, ARO, Inc.
Mr. Ivar L. Shogran, Douglas Aircraft Co., Inc.
Mr. Wiliiam I. StiegIitz, Republic Aviation Corp.
Mr. CIem G. Trimbach, Corneil Aeronautical Lnborators, Inc.

Mr. Richard S. Cesaro, Secretary.

INDUSTRY CONSULTING COMMITTEE

Mr. Dwane L. Wallace, Cessna Aircraft Co., Chairman,
Mr. William N. Allen, Boeing Afrphme Co., Vice Chairman.
Dr. Lynn L. BolIinger, HeIlo Aircraft Corp.
Mr. Ralph S. Damon, Tzans World Airlines, Inc.
Mr. Robert El. Gross, Locidmed Aircrafk Corp.
Mr. Roy T. HurIey, Curtiss-Wright Corp.

Subcommittee on Aircraft Fire Prevention
Mr. C. W. LaPlerrq General Electric Co.

Mr. Raymond D. Kelly, United Air Lin~ Inc., Chatrmam
Mr. Mundy I. Peale, Republic Aviation Corp.

Capt. Howard A. Klein, U. S. A. F., Wright Air Development
Mr. Earl F. Sikk, Slick Airways, Inc.

Center. Dr. T, L. K. Smnll, Secretary,



Part HI-FINANCIAL REPORT

Approprfatkms for the @Ml Uem’ 1961.—Funds and contract
autiority in the foIlowing amounts were appropriated for the
Committee for the fiscal year 1951 in the GeneraI Appropriation
Act, 195L approved September 6, 1950, and the Second Supple-
mental Appropriation Acq 1931, approved January 6, l%il:

8ah’ie9 and uses_-—.-_—-_.__ —__ $45,750, OW
Construction and equipment of laboratory facHities:

Fnnds to continue tbancing of fiscal year 1949
program:

Langley AeronautlcaI Labora-
tory ----- $6,000,000

Lewis FLight Propulsion Iab-
orato~---.-—-----.—---- ~ 000,000

10,000,000
Funds to continue tlnancing of tiscal

year 1950 program:
Langley Aeronautical Labora-

tory ---——--— ----------
Piiotlesw Aircraft Research

station---- ————-
Lewls Flight Propukion Lab-

oratory-__-_-_____——

$2, 77L 988

47s, o12

L750,000
5,000,000

Funds to start financing of tiscaI
year 1931 program:

Langley Aeronautical Labora-
tory—-—--—--—---—--- $200,000

Ames Aeronautical Labora-
tory— _____ 300, COO

Lewis Flight Propulsion Lab-
tory-___-___-—_—— ~ 81& 000

~ 318,000

Total appropriated funds, tiscd year
1931 ----___—— $63, C%.s,Ooo

Oontract authority for remaining obligations neces-
sary to compIete flsc-d year 1931 program:

Langley Aeronautical Laboratory ----------- $2,300,000
ties Aeronautical Laboratory__——------ s, 700,000

TotaI contract authority, flscal year IiMl-- $11,000,000

Obligations incurred against the flscd year 1951 appropriated
funds and contract authority are Ilsted below, together with
the unobligated balances remaining on August 81, 1931. The
i3.gnres shown for salaries and expenses include the costs for
personaI aemlces, tra-ie~ transportation, communication, rItiWy
semi- printing and reproductio~ contractnai sertices, SUP
plies and equipment.

Salaries and expenses:
h“AOA Headquarters___ $L 081, 8i2
Langley Aeronautical Laboratory _________ 17, (BL 974
Pilotless Aircraft Research Station ----------- s03, !304

SaIaries and ~nses-Oontinued
Hi@-SPeed Flight Research Statto~_______ $919.281
.hnes Aeronautical Laboratory—————— 7,535,818
Wastern Coordination Of&e______—-—____ @ 485
Lewis FIight Pro@skm Lalxmatory __________ 16,416,186
Wright-Patterson Coordination OtEce_________ 10,424
Research contra~ncational institntions_— 779,649
Services performed by Nationrd Bureau of

Standards and Forest products Laboratory— 209,501
Unobligated bahnce_____________ _ 343, &

Total appropriated funds, salaries and ~-
penses — —— — 45,750, Oocl

Construction and equipment of laboratory facilities:
Funds to continue fhancing of flscd year 1W9

program:
LangIey Aeronautical Labora-

tory --------------——---— $5, 63& 400
Lewis Flight ProprMon Lab-

oratory _-——__ 8,939,508
Unobligated balance____— 1* 092

10,000,000
Funds to continue financing of fiscal year 1933

program:
Langley Aeronautimi Labora-

tory —-_——_——_ $2,753,533
Piloffess Aircraft Research Sta-

tion -_ —________________ 478,663
Lewis Flight Propulsion Lab-

oratory _—______ --- L 70s, 099
Unobligated balance_____— W 483

5,000,000
Funds to start tlnancimg of ftscsl year 1951 pro-

m:
Lan@ey Aeronautical Labora-

tory ——————----- $M38,222
Ames Aeronautical Laboratory_ 800,000
Lewis Fl@ht Propulsion Lab-

Oratory——_ —— ~ 676,706
Unobligated balance__--—_ ‘ 19982

2, 81& 000

Total appropriated funds, fiscal year
1951 -----———-—-- _$63,06s, ooo

Contract authority for remaining obligation nec-
essary to compIete tlscd year 1951 program:

LangIey Aeronautical Laboratory–_-————_ $1, 49i, ‘Al
Ames Aeronautical Laboratory _____ 9, In, -786
Unobligated balance_---__-__ —__— x6, 32A 470

TotaI contract authority, tial year M55-- $11,000,000

i These unobligated balances remain avauable for obligation in the
&al year 1962.

..—

—

—
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Appropriation for the Unitarg Win& Tunnel Plan Act.—
Funds in the amount of $75,000,000 were appropriated in the
Deficiency Appropriation Act, 1950, ap~roved June 29, 1956,
for the constmction of wind tunnels authorlsal in the Unitary
Wind Tunnel Plan Act of 1949 (Public Law 415, slat Cong.,
approved October 27, 1949). These funds are available until
expended. Allotments and obligations as of June 30, 1951, are
as follows:

Obligation
m ot June 80,

Ai&tmrnt# 1961

Langley Aeronautical Laboratory---- $1%917,000 $6,440, S60
Ames Aeronautical Laboratory ------ 27,227,000 9,904,94-4
Lewis Flight Propulsion Laboratory_ 32 S56, 000 9, 90S, 955

Total--__--—--—_ —–—$75, 000,000$26,261,759

Appropriation for the I%KXTl gear 1952.—The major allot-
ments of the funds appropriated for the Commlttec for the
fiscal year 1952 in the Independent Otflcea Appropriation Act,
1952 approved August 31, 1951, are given below:

Salaries and Es~naes ------------------ $49,250, OtM
Construction and equipment of labora-

tory facilities:
Funds to complete financing of

fiscal year 1049 program:
Langley AeronanticaI Labora-

tory _________ ——-— $372,800

Lewis FUght Propulsion Lab-
oratory. ---—_—_____ 550,000

922,800

Obligation
Conatructlon and equipment of labora- w oj June 80,

tory faciliti-onthmed Allotments 1961
Funda to complete tlnancIng of

&al year 1950 program:
Langley Aeronautical Labora-

tolT -— ________________ $3,403,524
Lewis l?llght Propulsion Lab-

oratory ------------------- 1,600, 000’
$4,003, W24

Funds to conttnue fhanclng of
fiscal year 1951 program:

.Langley Aeronautical Labora-
tory --------------------- $1,293,676

Ames Aeronautical Labora-
‘“tory --------------------- 4,500,000

5,766, Clit!
Fun& to completely finance fiscal

year 1962 program:
Langley Aeronautical Labora-

tory_ --_----______-—__
Pllotleas Aircraft Ramarch

Station ------------------
High-Speed Flight Research

SWtion----— ------------
Ames Aeronautical Labora-

tory-----__---_ -_---__ —--
Lewis Flight Propulsion Lab-

tory -------------------

$730,000

00,000

4, Ocm,m

1,4s0, 000

350,000
6,650,006

Total appropriated funds,
flacal year 19D2-----------_--- $~, ~, ~


